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The sundew (Drosera anglica) growing 
in the New Forest, along with the 
Marsh St. John’s-wort. (Photograph by 
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THE PROGRESS OF SCIENCE 


THE SHORTAGE OF SCIENCE MASTERS 
AFFECTS BRITISH INDUSTRY 


An interesting and detached view of British difficulties in 
such things as the supply of science teachers and the closer 
integration of science and industry is provided by the 
article which Sir Francis Simon contributes to The Financial 
Times’ annual review (from which we reprint elsewhere in 
this issue Sir Robert Watson-Watt’s contribution on peace- 
time electronic developments). 

Sir Francis’s article is reminiscent of his book entitled 
The Neglect of Science (Basil Blackwell, 1951), which dis- 
cussed most forcefully the indispensability of first-class 
scientists and technologists to modern industry. The main 
steps which Britain must take if she is to achieve full 
economic prosperity are, according to Sir Francis, as 
follows: 


(a) Improve the status of the teacher. 

(b) Increase the number of people going in for higher 
scientific and technological education. 

(c) Reform the call-up of scientists to the armed forces. 

(d) Increase the funds available for fundamental science 
at the universities and at the same time expand 
higher technological education. 


We agree whole-heartedly with his additional comment 
that ““Of course, this will all cost money, but the sums 
seem to be very modest indeed when we bear in mind what 
is at stake.’’ He points out that only £5 million per year 
is allocated to the D.S.I.R., and only about £10 million is 
spent each year on science and technology in our univer- 


_ Sities. He expresses the view that the cost of a modern 


Institute of Technology of university standard comparable 
to those that exist in the U.S.A. and on the Continent 
would not be more than £10 million a year. (In parenthesis, 
it seems sad that the Government appears to be back- 
pedalling on the Institute of Technology scheme—at one 
time it was supposed to favour the establishing of two such 
institutes, one of them, of course, to be created by expan- 


- Sion of the Imperial College of Science and Technology. 
_ On the other hand, there are hints that surreptitious efforts 
_ are being made to revive the moribund idea which was put 


forward in the notorious White Paper of September 20, 
1951, and which was rejected on sight by every informed 
and responsible critic when that doleful document first 
appeared.* Readers will recall the absolutely unanimous 
opposition which that White Paper provoked because the 
proposed scheme could not possibly yield the first-class 
technologists which Britain needed then and still needs 
today. The White Paper seriously confused technicians 
with technologists and suggested methods of granting a 
new status to technicians, an irrelevant suggestion in view 
of the fact that it was supposed to be suggesting remedies 
for British deficiencies in the field of technological educa- 
tion. So far as we can see, very little will be gained by 
creating some alternative to the Higher National Certifi- 
cate, or by giving that certificate some new and imposing 
name such as A. Roy. Coll. Tech., for that will not change 
a technician into a graduate technologist.) 

It is gratifying to see that Sir Francis Simon is so 
emphatic about the degree of priority that must be given 
to efforts to correct the present shortage of good science 
masters. This is what he says on this subject (the italics 
are ours): 

Scientists start as schoolboys, and the universities and 
institutes of technology cannot turn out more people than 
they get from the schools. The science teacher in the secon- 
dary school therefore forms the basis of the whole scientific 
pyramid. Very often the choice of a career is determined by 
one enthusiastic teacher. Of course, there are a few exceptional 
people who from very early on know what they want to do, 
but this is not true for the majority. If the instruction in 
science is poor, and the teacher has not been able to inspire 
his pupils, then many boys gifted for science will turn away 
to some other apparently more attractive profession. 

On the other hand, we have to attract many more of the 
young generation to read science at the universities. The 
number of science students per head of population is only a 
fraction of that of the United States or Switzerland. As a 
result, there are too few people to fill the positions discussed 
above. Moreover, a serious aspect of this shortage is that it 
results in a maldistribution of the scientists who are available. 
In particular the urgent needs of industry have now led to a 


* This White Paper, proposing an ‘invisible college’ that would 
award associateships—*‘‘Associateship of the Royal College of Tech- 
nology”—on the results of courses at approved technical colleges, 
was discussed in Discovery, Nov. 1951, pp. 335-7. 
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depletion of the ranks of the teachers. Salaries and working 
conditions in industry are so much superior to those in the 
schools that it is practically impossible to find suitable teachers. 
Thus we have a vicious circle which tends to vitiate all efforts 
to increase the number of scientists. Indeed, we shall very soon 
see a reduction both in the quantity and quality of the human 
material entering on a scientific career. 

This is a very serious position indeed and something has to 
be done quickly to redress the balance. The essential step 
seems to be to offer higher salaries. This would also raise the 
social position of the teachers, which is another very important 
consideration in attracting young people toa career. To increase 


the salaries of teachers will admittedly not be an easy job as the - 


cost of an increase for all teachers would at the moment be 
prohibitive. Perhaps one could make a start by increasing 
the salaries of those teachers who are in charge of the higher 
forms. 


Sir Francis concludes his article by stressing the fact that 
Britain’s economic future must lie with the new industries 
which are dependent on a high scientific potential, such as 
the atomic energy industry, electronics, synthetic textiles 
and the new chemical industries. (In connexion with the 
last mentioned, he cites the fact that 40% of the chemicals 
on sale in the U.S.A. are products which did not even exist 
fifteen years ago.) If Britain will put a concentrated effort 
into such new lines of industrial enterprise, great possi- 
bilities lie before us, for there are not yet many countries 
which can compete in industries following hard on the 
latest scientific developments. Besides Britain, the chief of 
the large countries to be considered here are the United 
States, the U.S.S.R., and Germany. Competition will be 
fierce, and it is certain that only those countries who have 
a proper scientific manpower policy will be able to stay the 
course. It is not only Britain who needs to worry in this 
respect; although the United States possesses a much 
bigger pool of scientists and higher technologists, some of 
their responsible leaders are anxiously comnaring the state 
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FIG. 1. Vertical section of the NRX pile. 


of their scientific manpower with that of the Russians; they 
now seem to have overtaken the U.S.A. in the annual out- 
put of scientists and engineers, and to judge from the 
results their quality does not seem to be too bad. Sir 
Francis Simon thinks that the spy hysteria of the last years 
has completely distorted our picture of Russia’s capabili- 
ties. ‘“‘Most people seem to believe that all the Russians 
can do is to develop foreign ideas acquired by spying. It is 
undeniable that such activities are going on, but spying, in 
the scientific sphere at least, can really only benefit countries 
which are at about the same scientific and technological 
level as the one from which the so-called secrets have been 
stolen. In this case, however, the effect of spying can only 
be of a very secondary nature. The real danger is that the 
Russians may in the long run overtake the Western 
countries by legitimate means. If we want to avoid 
this, proper attention to scientific manpower is of vital 
importance.” 

Altogether this annual review of The Financial Times is 
an excellent piece of work, but we are particularly pleased 
to see many of the points made by Discovery over the past 
two or three years put so emphatically by Sir Francis in his 
Financial Times article which is bound to reach all influen- 
tial industrialists. Moreover, it serves to reinforce what 
The Financial Times staff science correspondent, Derek 
Wragge Morley, has written in his special articles and in 
his excellent day-by-day reports. 


AFTERMATH OF AN ATOMIC ACCIDENT 


When a semi-industrial scale atomic plant goes wrong, the 
radioactive mess which is created provides the occasion for 
a large-scale exercise in decontamination, which has to be 


carried out by workmen dressed in elaborate protective | 


clothing that makes the decontamination squads who were 
trained in the last war to meet the remote contingency of 
gas warfare look very old-fashioned. Readers will recall 
that just before Christmas 1952 there was an accident to 
the NRX atomic pile of Canada’s Chalk River project. 
The technical euphemism for this incident is ‘a power 
surge’ which occurred in the pile. Nobody wants to say 
exactly what happened there on December 12, 1952, but 
one story is current to the effect that someone withdrew 
the control rods when he should have been doing the exact 
opposite. 

One of the Chalk River experts, F. W. Gilbert, has now 
written a very interesting account of the steps that were 
taken to decontaminate the atomic reactor after the acci- 
dent; this is published in the May 1954 issue of Chemical 
Engineering Progress. The ‘power surge’ we have referred 
to was apparently a serious one; according to Gilbert, it 
caused failure of the aluminium sheathing around about 
10°% of the uranium rods in the pile; he says that “‘both 
melting and oxidation of the uranium accompanied this 
failure’. (The melting-point of uranium is about 1133C°.) 

As a result, about 10,000 curies* of radioactive fission 
products were carried below the pile in the cooling water; 


* A Curie is defined as the amount of radioactive emanation in 
equilibrium with one gram of radium; a good index of the amount of 
energy so released is provided by the fact that a gram of radium 
emits 140 gram-calories per hour. 
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FIG. 2. The NRX pile at Chalk 
River gave valuable service as a 
research tool until December 1952. 
In that month a serious accident 
occurred, and it took nearly four- 
teen months to cope with the 
resultant radioactive contamination 
and to restore the pile to a safe 
working condition. 


simultaneously, fission products were spread throughout 
the reactor structure and into the ancillary equipment. 

The extent of the radioactive ‘infection’ can be seen by 
reference to Fig. 1. The reactor vessel was damaged beyond 
repair; it contained highly irradiated uranium which could 
not be removed in the ordinary way. Practically all the 
ancillary equipment was contaminated. The basement was 
flooded with radioactive water; this left a residual con- 
tamination in the concrete of about 10 rontgens per hour. 
The ceiling, walls and floor of the upper part of the 
building were contaminated to the extent of about 50 milli- 
rontgens per hour. Local ‘hot spots’ were found as high 
as 3000 rontgens per hour. 

The rule for the decontamination work was this: eco- 
nomy in repair work refers directly to the safety of the men 
employed on the job. 

The mess was put right with all possible speed: by 
February 1, 1954, the reactor had been completely re- 
assembled, and the levels of radioactivity in the working 
areas of the building were actually lower than they had 
been before the accident. 

In the repair work only one man received more than 15 
rontgens in the 14-month period. He received 17 rontgens. 

On the economic side, it is estimated that it would have 
cost four times as much to build a new reactor as to repair 
the old one. A new job would have taken about three 
times as long to complete as the decontamination and 
repair operations took. The conclusion is drawn that in 
general the life of a reactor need be limited only by its use- 
fulness. If this principle is accepted, then pile designers 
should aim to perfect a kind of construction which depends 
On units, all of which can be readily removed for replace- 
ment or cleaning. Such techniques of construction are, of 
course, very familiar to chemical engineers. Gilbert says 
that a small expenditure of effort in that direction would 
have greatly simplified the task of repairing the NRX pile. 

The first big problem that had to be tackled after the 
accident was how to dispose of a million gallons of water 
containing some 10,000 curies of radioactivity. The first 
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step was to store it in a process water reservoir. Then a 
pipeline 14 miles long was built to transfer the water to 
a disposal area. The radioactive water was pumped along 
the pipeline to a number of open pits and allowed to seep 
down through the soil. The radioactivity left behind in the 
pits was not serious. Gilbert recommends the provision of 
some such system of pits to cope with accidental emer- 
gencies; had such a system existed at the time of the 
accident to the NRX pile the contamination of the base- 
ment would have been avoided, and there would have been 
no need to spoil the process water reservoir. 

The second problem was how to remove the reactor 
vessel and its damaged uranium rods. With the sangfroid 
typical of the technical expert, Gilbert states here, ‘“‘As the 
most direct way to prove the feasibility of removing the 
reactor vessel and the rods was to try it, the next stage in 
the operation was to dismantle the reactor.’’ In this 
operation one of the most serious of all problems arose— 
the danger of the operators swallowing radioactive dust. 
To cope with this hazard the ventilation was improved, to 
remove any airborne radioactive particles. At the same 
time vacuum cleaners were kept in continuous use. All 
respirators worn by the operators were thoroughly checked; 
it was found that all the types of respirators in use were 
faulty. The faults were put right, and each and every 
respirator was given a strict inspection before and after 
each time a member of the decontamination squad wore 
it. Respirators were used where the levels of radioactivity 
were not more than seven times the normal tolerance dose. 
In more radioactive spots, masks and hoods with their 
own air supply were used; air was supplied by air lines, and 
no self-contained air-supply units were used. 

The 10,000 curies of radioactivity in the water have 
already been mentioned. This is a colossal amount of 
radioactivity. It means 10 millicuries per gallon, and 
1 millicurie is more than sufficient to contaminate a 100-ft. 
cube of air to tolerance level. 

The decontamination procedure which was devised 
followed this general pattern. First, the infected area was 
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FIG. 4. The top photo was taken in ordinary light; the 
other was produced by gamma rays and reveals six 
‘hot spots’, which can be located by superimposing 
one negative on the other. 


flushed with water to dilute the radioactive materials; this 
water was then pumped away to the disposal area. Secondly, 
the particular area was flushed a second time with high- 
velocity hot water with or without detergents in it. The 
third step was to remove all the equipment possible; 
wherever possible the bits of equipment were wrapped 
before dispatch to decontamination or disposal areas. 
Fourth comes another flushing of the area—the third 
flushing. Fifthly, the area was surveyed for local ‘hot spots’ 
which were then either cleaned or surrounded by a radia- 
tion-proof shield. By the time the last stage was reached 
the level of radioactivity was down to 5-10 rontgens per 
hour for the hottest areas. 
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DISCOVERY 


To find the local ‘hot spots’ they used a pinhole camera 
provided by Henry Hurwitz of the Knolls Atomic Power 
Laboratory of the U.S. Atomic Energy Commission. 
Fig. 4 shows the kind of information given by this 
Camera. 

A variety of different techniques was tried for cleaning 
the ‘hot spots’ discovered by use of the pinhole camera. 
When ‘hot spots’ were found on the floor, for example, it 
was sometimes possible to flood the area with a couple of 
feet of water. That depth of water was an effective shield 
against the radioactivity from the ‘hot spots’. After the 


gross radioactivity had been washed away, concrete was ' 


given a further treatment to remove residual activity. This 
treatment, whereby the contaminated surface layer of con- 
crete was removed altogether, could be done by chipping, 
sand-blasting and grinding the surface. The last two 
methods were rendered safe for the operator by connecting 
the equipment to a vacuum system that carried away the 
radioactive dust. (Failure of one of these vacuum systems 
resulted in an atmosphere heavily charged with radioactive 
dust—the radioactivity of that atmosphere was 1500 times 
greater than the tolerance level!) Finally, the contaminated 
concrete that had been given these cleansing treatments 
was covered with fresh concrete, which acts as a shield and 
seals in any remaining radioactivity. 

Contaminated lead from the pile proved easy to handle: 
when melted, the radioactivity goes to the surface of the 
melt, which can be skimmed off and junked. 

Stainless steel came through the accident very well. 
Repeated scrubbing with cotton wipers proved effective for 
removing the superficial radioactivity on this metal, deter- 
gents or acids being used with the wipers where necessary. 
(It is thought that the clay mineral called bentonite might 
be used for this purpose, because it is so absorbent, but 
its use has not been tried yet.) 

This account of the rescue operation at Chalk River 
concludes with these words: 

“Obviously the best way to cope with a contaminated 
reactor is to prevent its happening. The next best is to take 
measures to reduce the damage. Fortunately these 
measures are not excessively expensive and are also an aid 
to normal pile operation.”’ 

It is obvious that the Chalk River team has learnt a great 
many valuable lessons from the accident. Among these is 
the necessity of having a permanent system for disposing 
of radioactive water in an emergency; it is recognised that 
no needless cracks and crevices should be left in any 
reactor building in which radioactive liquor can lodge. All 
surfaces that are ever liable to be contaminated should be 
sealed with paint or by some other treatment; this applies 
to surfaces of even stainless steel and lead. This measure 
makes washing down much more effective, and for just the 
same reason floors in reactor buildings should be surfaced 
with rubber. None of these precautionary measures is 
likely to be unfamiliar to chemical engineers, and this 
point is worth making as it helps to bring home the indis- 
pensability of the chemical engineering approach to the 
practical problems of industrial atomic plants. This 
approach is vital to success whether one is operating a 
plant that produces plutonium or an atomic power plant 
designed to feed electricity into the Grid. 
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AUGUST 1954 DISCOVERY 


THE SCIENTIFIC SIDE 

OF CANADA’S GROWTH 
Canada is in the throes of organising some vast new tech- 
nological projects, and these will require the talents of 
many more scientists, technologists and technicians than 
she can deploy at the present time. Some of the problems 
which Canada has to face in expanding her industrial 
potential, and in exploiting to an ever increasing extent 
her mineral, power and agricultural resources, were out- 
lined to members of the Parliamentary and Scientific Com- 
mittee recently by Dr. C. J. Mackenzie, who is president of 
Canada’s Atomic Energy Control Board and who was 
formerly head of the National Research Council of Canada. 

Dr. Mackenzie explained how much Canada _ has 
changed in the period 1918-54. Her science and technology 
have developed considerably. In the first war, one of the 
largest and most successful acetone plants was put up in 
Toronto, and thus a scientific industry was introduced into 
Canada for the first time. 

After the first war the Government, with the unanimous 
approval of the people, shut down the factory as soon as 
they could after the Armistice. The United States acetone 
plants, on the other hand, went on and became the centre 
of a large nitro-cellulose industry; with the motor-car 
making rapid progress, a large and economically important 
industry was built up in the United States. The salient fact 
was that in 1918, although the opportunities were there, 
scientifically Canada was not ready to exploit them. 

In 1940, Canada co-operated with the Allies and built, 
in about a year, a very large artificial rubber plant, which 
became one of the most efficient factories. After the last 
war a research organisation was built up round this rubber 
plant, and today it is one of the single units of a rapidly 
growing industrial set-up in Canada. It is a Crown 
company. 

In 1945-6 they had an entirely different set-up in Canada 
scientifically, compared with 1918. This did not materialise 
suddenly: preparations had been going on for a long time. 

Speaking of the present situation, Dr. Mackenzie said 
they were quite embarrassed by the flattering things said 
about Canada in Britain and elsewhere. Very favourable 
comments have been made on their prospects and pros- 
perity. Some people wonder whether it is real orephemeral: 
his thesis was that it is founded on something very substan- 
tial. 

Since 1939 the population of Canada has increased by 
35%, from 11 to 15 million. Their net income has doubled: 
Government expenditure has increased fourfold. Their 
foreign trade has also increased fourfold; 24° of Canada’s 
products are for export. 

A very large capital investment had been made in 
Canada, which means more resources, more facilities and 
more wealth. A great deal of capital comes from Britain, 
and much from the United States: but only 14% of 
Canada’s capital has come from outside: 86% is provided 
from the savings of the Canadian people. Canada has 
large investments abroad. That is very significant com- 
pared with 1918, when they were a debtor country, and 
it makes for confidence. There are many factors to be 
taken into account when considering their national growth. 
Luck has played a very important part, but they also 


benefited from the fact that they had been very fortunate 
in the time they came to maturity scientifically. 

In 1918, Canada was a rural country. They produced 
fighting men and much raw material, but generally speak- 
ing they were raw: that is not true today. One of the 
reasons for this change is the development of natural 
resources, such as oil in Alberta and iron in Labrador. Yet 
these natural resources do not compare with the value of 
their agricultural crop, and the exports of their pulp and 
paper. 

Politically, World War I had great significance for 
Canada; they came out of the war a conscious nation, with 
a feeling of nationhood; in addition they had good indus- 
tries, enterprising people, reasonable skills, and good 
engineers. They undertook construction, but not scientific 
engineering. Between 1919 and 1939 branch factories were 
established in Canada. But the great scientific research 
organisations in American companies were not worth 
anything to Canada, which got no support from the large 
American research organisations located in the United 
States. Only branch factories were established in Canada. 
Dr. Mackenzie said that that demonstrated that you can 
cash in on other people’s fundamental research, but you 
cannot cash in on other people’s applied research. 

Fortunately Britain had had a similar experience in the 
first war, and had learnt her lesson. The British Govern- 
ment suggested to the Canadian Government that it would 
be a good idea to set up an organisation, and in 1916 the 
National Research Council was formed for the purpose of 
co-ordinating research work in Canada: but there was 
nothing to co-ordinate. The Council started by giving 
scholarships, and stipulated that these scholarships must 
be held in Canada. At that time it was a very wise course, 
because they needed to build up their internal universities. 
They gave scholarships to individuals and money to univer- 
sities. The Council started with about $50-60,000 per 
annum: today they have £2 million. 

In 1939, when war broke out, the National. Research 
laboratories had just been completed. There were 300 
people in the National Research Council at that time, and 
there was a large reserve of well-trained research scientists. 
In a short time the number expanded from 300 to 2000. 
After the war the organisation was divided up, and they 
undertook military research and atomic energy research. 
There are now 6000 employees. 

At the beginning of the war the British Government 
sent over the Tizard Mission to the American continent, 
not to help Canada but to help the United States. But 
Sir Henry Tizard went to Canada first, and Canada started 
working on a U.K. programme. By 1940 they had built 
a radar establishment in Halifax. After the Japanese 
attacked the United States, radar equipment was supplied 
by Canadian firms to protect the Panama Canal and the 
west coast of the United States. Canada built optical glass 
factories, chemical, aircraft and metallurgical industries, 
and destroyers. The Canadian shipbuilding industry is 
fundamentally a development of science and technology. 

Dr. Mackenzie ended his speech by underlining the fact 
that Canada is not as advanced as Great Britain, and not 
nearly comparable man for man on fundamental research. 
“But the point is not where you are but where you are 
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Rauwolfia, the plant from which a drug is obtained that 
has a tranquillising and anti-hypertensive effect. 


going. Canada is and will remain an industrial nation of 
front rank. The hope of the world depends upon good, 
sound international trade and co-operation, and industrial 
economy must be founded on applied science. Canada 
demonstrates, within the time one man can see, what 
science does,’ he concluded. 


RAUWOLFIA AND HIGH BLOOD PRESSURE 


In recent months a medicinal herb has come into promi- 
nence, after centuries of semi-obscurity. Its Latin name is 
Rauwolfia serpentina. 

This plant, which is widely used in India, has remained 
practically unknown in the western world until now. No 
common name has been given to this plant except in India, 
where it grows wild, and there it is known by a variety of 
names which may be simple to the Indians but which are 
mainly unpronounceable by the westerner. The importance 
of Rauwolfia lies in the fact that it has been proved to be 
of very great value in the treatment of high blood pressure 
—one of today’s commonest chronic complaints. 

Compared with twenty or thirty years ago, there are only 
a few vegetable drugs today which enjoy a widespread 
popularity and which are considered to be of real value. 
There is also a tendency to use pure glucosides, alkaloids 
or other active principles which give herbs their medicinal 
value, rather than the crude extracts of drug plants. 
Glucosides of foxglove (Digitalis) are still widely used for 
heart complaints; as are those of Strophanthus (Rauwolfia 
serpentina belongs to the same family—Apocynaceae). 
The poppy is still cultivated for opium, from which the 
alkaloids morphine and codeine are extracted. Ergot, the 
parasitic fungus which grows on rye, also yields alkaloids 
that are valuable in the treatment of migraine and in 
obstetrics. The use of antibiotics like penicillin also repre- 
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sents the medicinal application of naturally occurring 
substances. 

Rauwolfia has been used in Indian medicine for thousands 
of years. It is mentioned in the Charak (1000-800 B.c.), 
one of the old books of Hindu medicine, where it was cited 
as a remedy for snake bites and insect stings. The plant is 


named after Leonhart Rauwolff, a German botanist and . 


traveller, who published an account of his travels in 1583 
and also compiled an herbarium containing 513 plants. 

Later, the Herbarium aboinense of 1741 mentions it, 
stating that it was of value in anxiety states. 

The late Mahatma Gandhi was said to drink a tea made 
from Rauwolfia each evening because of its calming and 
soothing effect on the nerves. Rauwolfia has been regarded 
as something of a panacea, being used to treat an extra- 
ordinary variety of complaints, including insanity, worms, 
diarrhoea and dysentery! It seems that its value in the 
treatment of high blood pressure was overlooked until 
recent years. Certainly this was not mentioned in the 
ancient writings, and the first printed reference to this 
particular use is as recent as 1933. 

There are many different species of Rauwolfia scattered 
throughout the tropic regions of the world. (Willis men- 
tions fifty species in Flowering Plants and Ferns.) Rauwolfia 
heterophylla, which is found in South America, has been 
credited with healing powers in connexion with snake bites 
and the treatment of malaria. A Colombian species, 
Rauwolfia hirsuta, may also have potentialities in treating 
high blood pressure. 

Rauwolfia serpentina itself is a small shrub, rarely more 
than two feet high with pinkish flowers. It grows in several 
regions of India, Malaya and Burma; the main supply is 
obtained from the Himalayan foothills. 

Altogether about fifteen alkaloids have been extracted 
and identified from this drug plant, but only one of them 
reduces blood pressure in the way that the whole plant 
extract does. This is called reserpine. It was isolated two 
years ago in the research laboratories of Ciba in Switzer- 
land. 

There are many drugs which have been used in treating 
blood pressure. But none that has shown any real value 
has been found until recently, and even these require care- 
ful dosage, otherwise unpleasant side effects are produced. 
Rauwolfia and its extracts, however, seem to possess the 
great advantage of not requiring to be administered at a 
very critical dosage, and its side effects are rare. On the 
other hand, severe cases of high blood pressure do not 
respond particularly well to it, and its greatest value 
appears to lie in treating the moderate forms. Nevertheless, 
in combination it enables more potent drugs to be tolerated 
better. 

More persons are now suffering from a raised blood 
pressure because the average age of the population has 
increased—40 % is over forty. A good deal more research 
has, therefore, been made into the high blood pressure 
problem in the past few years. 

Reserpine seems to represent a significant and promising 
development, and only goes to show that in spite of the 
great advances in chemistry and methods of investigation 
of new drugs, Science is forced now and again to fall back 
on Nature for the new remedy it is seeking. 
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KALINGA PRIZEWINNER 


Waldemar Kaempffert 
of the N.Y.T. 


by 


RITCHIE CALDER 


On the nomination of the Association of British Science 
Writers, Waldemar Kaempffert, science editor of the New 
York Times, has been awarded the Kalinga Prize by the 
Unesco jury which selects the recipients of this international 
distinction. 

Waldemar Kaempffert is the first professional science 
writer to be so recognised. Previous laureates were Pro- 
fessor Louis de Broglie and Dr. Julian Huxley, who was 
the first Director-General of Unesco. 

The prize is £1000 sterling, awarded annually through 
Unesco on the endowment of Mr. B. Patnaik, a member 
of the Legislative Assembly of the State of Orissa, India. 
He set up the Kalinga Foundation Trust in 1951 for the 
dual purpose of emphasising the importance of competent 
interpretation of science to the public and of establishing 
cultural contact between India and the scientifically ad- 
vanced nations. The recipient attends the annual meeting 
of the Indian Science Congress and spends a month in 
India, lecturing to scientific and public meetings. 

Nominations are made by Associations for the Advance- 
ment of Science throughout the world and by established 
national Science Writers’ Associations. The jury for 1954 
were Dr. Abdel Rahman, Professor of Astronomy, 
University of Cairo; Dr. Cortes Pla, Chief of the Division 
of Science and Technology of the Organisation of American 
States and M. Paul Gaultier, a French science editor and 
member of the Institut de France. 

The official Unesco announcement stated: “Mr. 
Kaempffert was nominated by the British Association of 
Science Writers and was chosen from among ten nominees 
from Austria, Brazil, France, Germany, Great Britain, 
India, Peru, Venezuela and the United States.’’ His British 
colleagues were unanimous in their endorsement of 
Waldemar Kaempffert. It was their tribute to one whom 
they recognise as the dean of their craft and the master of 


ry 
} 





their livery, and who has set standards of science writing, 
in quality and integrity, which command universal respect 
and emulation. 

For fifty years, nearly, Waldemar Kaempffert has been 
popularising science—a clear, simple expositor who has 
kept the respect of the scientists because he established a 
concordat: the ‘treatment’ was his—the trained journalist’s— 
but the facts were theirs. And they remained facts, however 
popular his treatment. 

Kaempffert was born in New York City in 1877, and 
graduated in science from the College of the City of New 
York. He studied law and began his career as a patent 
lawyer. His journalistic apprenticeship was served on the 
Scientific American of which he early became managing 
editor. After editing Popular Science Monthly for many 
years, he was appointed science editor of the New York 
Times in 1927. 

A year later he became director of the Museum of 
Science and Industry in Chicago, where his skill in verbal 
presentation of science was translated into visual presenta- 
tion—a comparative experience which made him verbally 
more visual, excelling in the descriptive phrase and the 
illustrative example, when he returned to the New York 
Times in 1931. 

Even those of us who work in Britain and have not 
consistently followed his regular, and prodigious, contribu- 
tions to the New York Times—particularly his ‘Science in 
Review’, a two-column Sunday feature—have been aware 
of his steadying influence in the hectic years of sensational 
developments, technical hysteria, gadgeteering, scientific 
chauvinism and ‘Barnum-and-Bailey: the-greatest-discov- 
ery-ever’ style of science-presentation. 

His caution and wisdom have never blunted his journa- 
listic sense. He can ‘hit the headlines’, but never irrespon- 
sibly. One recalls his handling of the cortisone story 
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with a discretion which events have confirmed. Or one 
remembers his salutary articles on the Manhattan Project, 
at a time when most of his colleagues had forgotten the 
world’s contribution to the release of atomic energy; he 
put the U.S. achievement in its proper perspective and, 
apart from recapitulating the back-log, reminded his 
compatriots that the atomic team in the U.S.A. included 
SO many scientists of non-American origin that a name- 
call sounded like the roster of the Notre Dame football 
side. 

His rigorous, almost ritualistic, insistence on the inter- 
national character of science and on giving international 
‘credits’ would, itself, have justified his nomination by the 
Association of British Science Writers and his receiving 
the Unesco award. It is an integrity of which science 
writers (and others) need to be reminded. 

Added to that, however, we value the quality and versa- 
tility of his writing, always in character with the subject or 
the occasion—an excitingly popular treatment or a sober, 
explanatory appraisal; a Space-Ship Adventure or his 
essays on Science and Society. | 


Kaempffert was one of the organisers of the American 
National Association of Science Writers, and its president 
in 1937. As a pioneer of professional science writing, he 
was largely responsible for the extensive employment of 
specialised science writers on American newspapers 
because he made science ‘copy’ and competing newspapers 
could not neglect it. 


Twenty years ago he wrote: 

“It is the business of the journalist and not of the scientist 
to present the discoveries of the laboratory so that the many 
will understand. But heaven forbid that the populariser 
should rely too much on emotion. We have passed the stage 
when gasping wonder can pass for popularisation. We need 
more journalists trained in science. ...” 


With a present-day reversion to ‘gasping wonder’, it is 
well that the Kalinga judges should have under-scored the 
proper standards of science-writing and established a 
valuable precedent in its recognition of the doyen of the 
world’s science writers. 


SCIENCE AND THE PRESS: 
“NEITHER IS PERFECT” 


by WALDEMAR KAEMPFFERT 


How true is the accusation of scientists that in its presenta- 
tion of scientific advances the press is too often inaccurate, 
sensational, or both? There are no supporting statistics, no 
surveys—only opinions. (The only recent approach to 
such a survey is that of Hillier Kreighbaum, published in 
the Kansas State College Bulletin of August 15, 1941. 
This is a history of American newspaper reporting of 
science news.) When it comes to opinions, an experienced 
science writer’s is worth as much as any university 
professor’s. It is the opinion of this science writer that 
the charge of inaccuracy or sensationalism rests on a 
foundation that ought to be firmer than it is, so far as the 
great dailies are concerned. 

Neither publishers nor editors maintain that the press 
is perfect. Newspapers err over and over again reporting 
what happened in a railway accident or in the courtroom. 
Considering the rapidity with which news is collected, 
prepared for the press, printed and distributed, the 
newspaper of today ranks high as a technical achievement. 
Moreover, its reporting and editorial comment are sub- 
stantially correct. Of the scores of articles, short and long, 
that appear in any of our great dailies, probably less than 
1% fail to present what appeared to be facts at the time 
that they came to the attention of reporters and editors. 
To be sure, this is again an opinion, but it is an opinion 
with which most intelligent readers will agree. It is, 
moreover, an opinion based on knowledge of the care 


taken in the office of metropolitan papers to verify 
rumours, incredible statements given out in interviews, 
and whatever is suspect. I refer to the important dailies 
published in large communities. 

No material sent out by such wire services as the 
Associated Press and the United. Press is more carefully 
prepared than that which is devoted to science. Despite 
this care, mistakes are made. They are few in number 
and seldom glaring. Can scientists maintain that they 
never, never make mistakes? 


* * * 


Though science writing is not always what it should be, 
it is getting better and better every day and in every way, and 
it is getting better not because of any exertions on the part 
of the scientists, but because it is now a special branch of 
journalism. Publishers and editors are beginning to realise 
that the all-round reporter who could with equal ease 
cover a divorce scandal, a murder, or a meeting of the 
local Chamber of Commerce is not the man who is likely 
to present a simple, intelligible account of Heisenberg’s 
Principle of Uncertainty. 

If science writing has changed for the better in the last 
quarter of a century it is partly because of World War II. 
In the course of that conflict it was necessary to train several 
hundred thousand technicians. There were intensive 
courses in electronics, meteorology, navigation, astronomy, 


312 


rada 
class 
unne 
these 
gene 
scien 
hold 
phot 


writi 


long 
year: 
Writ 
stan 
Assc 
mag; 
spec: 
popt 
men 

Di 
epoc 
write 
geol 
scier 
They 


achie 
Gon 
the 

the § 
pred 
pain 
abso 
has ; 
and 
bank 
store 


may 
gets 


90% 
race: 
theo 
they 
who 
Tect 
in |, 
It is 
pape 
that 
metr 
The 
new: 
com 


a pa 
mor 
The 
Prof 
phys 


American 
S president 
writing, he 


oyment of 


\ewspapers 
ewspapers 


he scientist 
t the many 
populariser 
d the stage 

We need 


nder’, it is 
scored the 
blished a 
yen of the 


to verify 
nterviews, 
int dailies 


as the 
carefully 
. Despite 
1 number 
that they 


hould be, 
/ way, and 
1 the part 
branch of 
to realise 
jual ease 
ng of the 
9 is likely 
isenberg’s 


n the last 
d War II. 
in several 
intensive 
tronomy, 


AUGUST 1954 DISCOVERY 


radar, and mechanical and electrical engineering. A new 
class of readers was created—readers to whom it is 
unnecessary to explain what an electron is. Even before 
these army and navy technicians were mustered out, the 
general public had accumulated considerable elementary 
scientific knowledge because of its familiarity with house- 
hold electrical conveniences, radio, automobiles, and 
photography. Hence much of the improvement in science 
writing must be credited to the reading public itself. 

It is because the reporting of scientific discoveries is no 
longer the comparatively easy task that it was in the early 
years of the century that a National Association of Science 
Writers was formed in 1934 for the purpose of raising 
standards of reporting and editorial comment. The 
Association is composed of about eighty newspaper and 
magazine writers who are specialists for the most part, 
specialists in the sense that they devote their time to the 
popularisation of science and technology. As a class these 
men have the confidence of scientists. 

Despite specialisation, this is still the Upper Palaeozoic 
epoch in science writing. A science writer is supposed to 
write with equal assurance on genetics or nuclear physics, 
geology or quantum mechanics. It is amazing that the 
science writers meet these expectations as well as they do. 
They meet them because they are well informed. 

These specialists do not gasp in astonishment at the 
achievements of some brilliant chemist or physicist. 
Gone is the medieval, Faustian, white-bearded ‘wizard’ of 
the laboratory of 1910, gone the miracle-worker, gone 
the genius who solves in a flash a problem that baffled his 
predecessors for generations. The tendency today is to 
paint the scientist for what he is—an intellectual who is 
absorbed in his work, who has his little eccentricities, who 
has a good time on picnics and who, so far as his clothes 
and manners are concerned, is indistinguishable from a 
banker or the proprietor of a university town’s dry goods 
store. 

Whatever the merits or defects of the reading public 
may be, the press must accept it as it is. Any community 
gets precisely the kind of newspapers that it can digest. 
The faults of journalism are the faults of the public. If 
90% of a city’s inhabitants are more interested in horse 
races, crime, and gossip than in Einstein’s unified field 
theory, then it is of horse races, crime, and gossip that 
they will read. According to Frederick Adams Wood, 
who used to lecture at the Massachusetts Institute of 
Technology, only 2% of any population supplies leaders 
in law, engineering, commerce, politics, and business. 
It is no statistical accident that the most respected news- 
paper in the United States should have a daily circulation 
that represents 2% of the population of New York City’s 
metropolitan area, which runs into neighbouring states. 
There are cultural strata in every community; there are 
newspapers for each stratum. By their newspapers may 
communities be judged. 

All this being so, it is asking too much of a tabloid or of 
a paper that scrapes the rockbottom of humanity to devote 
more than a stickful of type to the expanding universe. 
The more reasonable scientists know it and make the 
proper allowances. Out in Pasadena most of the astro- 
physicists only smiled when a woman reporter who wanted 
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to write something ‘different’ about the Hale telescope on 
Palomar Mountain had herself photographed within the 
open structure of the ‘tube’-—powdering her nose as she 
looked into the 200-inch mirror. 

This particular incident emphasises what is a just 
objection to the way science is too often presented in the 
news. In science as in everything else the emphasis is on 
human interest. At a meeting of the American Chemical 
Society or the American Association for the Advancement 
of Science even the experienced science reporter, knowing 
what the policy of his editor is, will ‘play up’ a paper that 
paints a picture of what man will eat a century hence or 
what he will look like in some remote epoch of the future 
rather than one that deals with some newly discovered 
meson and its significance to physicists. 


* * * 


Human interest and scientific advance are not always 
incompatible, as we see in such obviously human-interest 
subject matter as medicine, anthropology, and psychology. 
But, on the whole, human interest and the positron or 
neutrino have very little in common. Even the historians 
of chemistry never fail to tell the story of Kekulé’s visions 
whenever they discuss the way the structure of the benzene 
ring was first conceived. The appeal that lies in a human 
interest tale of science is hard to resist. Nor should it be 
resisted if it is relevant. After all, however loudly the ‘pure’ 
scientists may protest that they are not interested in 
practical results, science must serve a human purpose, 
whether that purpose be the creation of a new outlook 
of the kind given to us by Darwin and Einstein, or the 
introduction of a new hormone which cures arthritis and 
which is therefore of immense human importance. Yet 
it is the business of science writers to ferret out and present 
the news. And what is news in science is not difficult to 
determine. If there is no time to consult the literature on a 
subject, the colleagues of the scientist who has made a 
discovery can tell whether or not it is new. Because human 
interest still dominates the press, it happens that some 
masterpiece of verbal obscurity which is presented at a 
scientific meeting may be ignored even though it carries 
important scientific news. It is one of the disgraces of 
journalism that the public had to wait thirteen years before 
it heard of Einstein’s special theory of relativity. But that 
was in the bad old days when there was not a single science 
reporter or editor on any paper in the United States. 


* * * 


Science writing is never likely to subordinate human 
interest entirely to news values. Hence it can never be 
accurate in the strict sense of the term. The reason is to be 
found in the deficiencies of ordinary language. To a 
physicist a dielectric is “‘a medium in which the energy 
required to establish an electric field is recoverable in 
whole or part as electric energy’. The science writer who 
flings such a definition at his readers and makes no attempt 
to explain what it means is a failure. It is a cardinal 
principle that unfamiliar technical terms must be explained. 
Definitions are tricky at best when carefully phrased. 
Depart from the definition given of a dielectric in an attempt 
to popularise it, and inaccuracies are bound to creep in. 
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It does no good to say that a condenser is ‘like’ something 
else in common use or that it behaves ‘as if’ it were some- 
thing else. Analogies are always inaccurate, and philo- 
sophers enough have railed at the trouble that ‘like’ and 
‘as if’ cause. The plain truth is that the populariser of 
science must reconcile himself to a minimum of inaccuracy. 
And so must those who cavil at newspaper science. 

Perhaps it is because they know all this and refuse to 
condone it that scientists are said to be poor and dull 
popularisers of their subjects. The indictment will hardly 
bear scrutiny. To write effectively is not an ordinary 
accomplishment. There are just as many good writers 
among scientists as there are among business men. Nor 
is all newspaper science writing praiseworthy in style. 
When he puts his mind to it, many a scientist can expound 
his subject with a clarity and a sense of the apt phrase 
that professional /ittérateurs would find hard to match. 
As popularisers of relativity and nuclear physics Jeans and 
Eddington have not been surpassed. Yet it is the fashion 
in academic circles to sniff at The Mysterious Universe 
and New Pathways in Science, not so much because they 
are out of date as because they make pleasant reading. 
As soon as a scientist becomes intelligible to the public, 
his colleagues assume that he has ceased to be a scholar. 
There is no doubt that scientists can write for the public. 
The trouble is that few want to and that even these are 
always thinking of what their colleagues will say about 
them. 

And now I come to the old charge that science writers 
need to learn what the scientific method and the scientific 
attitude are, in a word, what science is. Professor Percy W. 
Bridgman, Harvard physicist and Nobel laureate, assures 


us that there is no scientific method and that progress in 
science results simply from doing ‘one’s damnedest with 
one’s mind, no holds barred’’. As for the scientific attitude, 
it is what most of us call objectivity. In this sense business 


leaders are as ‘scientific’ as any university professor of’ 


chemistry. Their studies of markets, their experiments in 
merchandising, their statistical analyses of economic 
situations would do credit to any university. The scientific 
approach to a problem of everyday life is far commoner 
than is supposed. I think it is safe to say that the more 
important science writers know what is meant by what is 
called the ‘scientific method’ and that they know what the 
scientific attitude to a problem is. Indeed it is because they 
have this knowledge that science writing is so very much 
better than it used to be. 

An avalanche of balderdash on their own methods and 
their attitudes has been released by scientists. It would do 
the proponents of the dubious proposition that scientists 
are always scientific much good to read Dr. E. A. Burtt’s 
The Metaphysical Foundations of Modern Physical Science. 
Burtt makes it plain that the creators of modern science 
made assumptions not unlike those of delicatessen dealers 
when it comes to common sense and that Bridgman is 
right. What science is, is perhaps best expressed in Thomas 
Huxley’s prayer: ““God give me strength to face a fact 
though it slay me.’’ Not many scientists or newspaper 
men have that strength. If we need any evidence, we have 
only to consider what happened under the Nazis. Johannes 
Stark and Phillipp Lenard did as much to poison the minds 
of Germans as Goebbels and Himmler. And there is no 
reason to believe that American scientists are made of 
sterner stuff. 


This article is reproduced from the Nov. 1953 issue of ‘‘ Bulletin of the Atomic Scientists’’, which contained 
a valuable symposium on the topic of ““Science and the Press’. 


SCIENTIFIC RESEARCH AND EXPOSITION 


Interpretation is one of the most important functions in the 
presentation of science and the scientist has the duty at 
least to assist in that interpretation. But it may not succeed 
until the non-scientist realises that science is not necessarily 
linked up with atom bombs and destruction. Neglect to 
carry out that task may well involve restraints on scientific 
work which may gravely hinder its prosecution. It may 
result in disastrous direction from outside or the with- 
holding of essential funds, now increasingly drawn from 
public sources. 

Scientific advance itself, no less than the effective appli- 
cation of science in industrial and national affairs, depends 
increasingly on the extent to which not merely the govern- 
ment, but also the ordinary citizens on whose support 
government ultimately depends in a democracy, should have 
some understanding of what is happening in science, an 
appreciation of how it can be wisely utilised and a sense 
of responsibility for its prosecution. That is one of the 
primary reasons for the concern of the scientist with the 
problem of education as a whole. 
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At a time when ... the scarcity of science teachers in the 
schools threatens both the supply of scientists and the 
education in science of the general citizen, and especially 
of the leaders in all walks of life, it is well to remember 
that the effectiveness of the exposition of science is not set 
solely by the skilfulness of the expositor in presentation or 
interpretation. His choice of means is limited in part by 
the general level of education and understanding of the 
community in general. These are the factors which deter- 
mine the amount of co-operation on which he can depend 
in arousing and maintaining interest. When all stress has 
been laid on the need for scientists as such to address them- 
selves much more carefully to this question of communica- 
tion and presentation, to co-operate fully with those who 
take up this task, whether they be scientists themselves or 
journalists, and whether the media be the spoken, the 
written, or the broadcast word, or the newer visual media, 
it still remains true that it is in the schools that the founda- 
tions of the understanding of science must be laid. 

Nature, June 26, 1954 
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FIGS. 1-2. Prickly pear (/eft), which became a serious pest in Australia, was suppressed by means of biological 
control. The insect which was exploited for this purpose was the caterpillar of a moth called Cactoblastis 
cactorum: in its honour a Memorial Hall has been erected in Boonarga on the western fringe of Queens- 
land’s Darling Downs. The right-hand photo shows an area of prickly pear devastated by this caterpillar. 
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BIOLOGICAL CONTROL 


R. JAMES COLLEY 


B.Sc., Dip.Agric. 


In 1787 Captain Arthur Phillip (first governor of New 
South Wales), who was on his way to Australia, called at 
Rio de Janeiro and collected some cactus plants and some 
cochineal insects. When he reached Australia* he intended 
to cultivate the cactus and feed the cochineal insects on it, 
in this way ensuring an adequate supply of cochineal, a red 
dye, with which to dye his soldiers’ coats. The insects, 
however, died out and the cactus, the notorious prickly 
pear, flourished. Indeed it flourished so well that by 1920 
it covered sixty million acres, and was spreading at the 
rate of ten million acres a year. 

Clearly this pest could not be allowed to smother 
agricultural land, so eventually, in 1920, the Common- 
wealth Prickly Pear Board was set up. The main infested 
area was situated in Queensland and New South Wales, 
where the annual rainfall is 20-30 inches and the terri- 
tory was, before infestation, good grazing land—the value 
of it varied from five to thirty shillings per acre. Chemical 
or mechanical treatment would have cost £10 per acre, and 
was considered quite uneconomic. In view of this, it was 
decided that control by insects might be more feasible. 

A study of the insects that attack the prickly pear in 
America was made. Fifty species that feed on this plant 
exclusively were found. Specimens of these were sent to 


_ Australia, where they were bred in quarantine. During 


the quarantine period, various tests were carried out on the 
insects, the most important one being to make sure that 
they would not attack any other plants. In this test the 
insects were given the alternative of eating various culti- 
vated plants, or dying from starvation. Only insects of 
those species which died rather than eat useful plants were 


* Captain Phillip’s fleet of ships, with their cargo of several hundred 
convicts, arrived off Botany Bay on Jan. 18, 1788. He landed in 
Sydney Harbour—“‘the finest in the world”’ was his first description 
of this place. 
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selected. This whittled the original fifty species imported 
down to a dozen. These were bred up and released. 

Within a few years, three bugs, the cochineal insect and 
the red spider had increased their numbers and seemed to 
offer hope of controlling the prickly pear. 

In 1925, another insect—the moth called Cactoblastis 
cactorum—was imported from the Argentine, and this was 
liberated in 1926. That year proved to be the turning-point 
in the control of prickly pear. By 1933 the last remaining 
block of the original pear in Queensland had been de- 
stroyed, and vast numbers of Cactoblastis caterpillars were 
wandering about far and wide in search of food. Many 
false reports were sent in accusing them of attacking useful 
plants, but in fact they did no significant damage and the 
majority died. This confirmed the results of the starvation 
tests which had been conducted before the insects were 
released. Since then there have been occasional periods 
of re-establishment of prickly pear, but every time this has 
happened the numbers of insects have increased to match 
the increased availability of its food plant and these out- 
breaks have soon been controlled. 

This serves to show one essential feature which must 
always be remembered in biological control: it should 
never be expected that the pest will be completely de- 
stroyed; the best that can be hoped for is that it will be so 
far reduced in numbers that a new balance, this time 
favourable to man, will be set up. It is also desirable that, 
if the pest does for some reason start to gain ground again 
for a time, that the controlling agent will increase and get 
the upper hand once more. 

The magnitude of the task involved in the control of the 
prickly pear is hard to grasp even when it is realised that 
in the short space of seven years over sixty million acres 
were cleared of this riotous plant, and that each acre 
might support a crop of between 500 and 800 tons of pear. 
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Even when the insect had been. released, all was not 
always plain sailing. For example, in a few less fertile areas 
the pear proved too tough for the Cactoblastis to feed on; 
this difficulty was, however, met by stimulating the growth 
of the cactus with nitrogenous fertiliser, which increased 
its succulence and so encouraged the insects to feed on it. 


A BRIEF HISTORY OF 
BIOLOGICAL CONTROL 


Before considering any further modern examples of 
biological control, let us make a brief excursion back into 
history. The earliest recorded case of biological control 
must be that depicted on a papyrus in the Egyptian Museum 
in Turin. Here a full-scale battle is seen being waged 
between cats and rats. Even today, cats must be the largest 
single factor in keeping down the population of house 
mice in Britain. Darwin used to point out that cats in 
farm-houses are a very important factor in producing good 
yields of clover seed round the farm-house, for the cat 
kills the mouse which upsets the bumble-bee which fertilises 
the clover! 

It is recorded that in some Asiatic countries it has long 
been the custom to use ants for the destruction of insect 
pests in orchards. In 1775 a report (written by a Swede, 
P. Forskal) was published recording one of the earliest 
transportations of one animal to control another. It says 
that date palms were seriously attacked by ants, and that 
every year growers brought predatory ants down from the 
mountains, which were able to bring about satisfactory (if 
only temporary) control of the pest ants. Jt has been 
estimated that a single colony of predator ants is capable of 
destroying as many as 13 million insects inside ten days. 

Dr. Erasmus Darwin, Charles Darwin’s father, is given 
credit for being the first man to suggest a rational exploita- 
tion of biological control in a book he published in 1800. 
In this he says “‘The most ingenious manner of destroying 
aphis would be effected by the propagation of its greatest 
enemy, the larvae of an aphidiverous fly. This deposits its 
eggs where the aphid abounds and as soon as the larvae 
are produced, they devour hundreds round them with the 
necessity of no other movements but the turning to the 
right or left, arresting the aphis and sucking its juices. If 
these eggs could be collected and carefully preserved 
during the winter and properly disposed on nectarine or 
peach trees in the early spring it is possible that this 
plague of aphis might be counteracted by the natural means 
of devouring one insect by another.” — 

In 1827 Hartig in Germany suggested keeping parasit- 
ised caterpillars so that the larvae of the parasites could be 
produced in captivity and released where they could be of 
greatest value. In 1854 Fitch suggested the first transfer 
of parasites from one country to another, and the first 
international transfer—from America to France—was 
made in 1873. This followed an unintentional transfer 
when vines were imported into France with aphids on their 
roots. No aphid parasite being present, the aphid had 
quickly established itself and the importation was thus of 
the aphid parasite to keep it under control. This, however, 
did not prove a success, and finally control was obtained by 
using aphid-resistant stocks from America. 

The first successful international transfer of insects was 


in 1888 when Vedalia (a small ladybird) was introduced 
into California to reduce the cottony cushion scale which 
had become such a serious pest that it threatened the very 
existence of the citrus fruit industry. Within eighteen 
months of its introduction, the pest was brought under 
control, even though the original Vedalia introduction 
was Only of 129 insects! One of the main factors con- 
tributing to this rapid result was the rate of breeding of 
Vedalia, This ladybird completes one generation in a 
month as compared with the scale’s rate of reproduction, 
which is only one generation in three months. It must also 
be remembered that both the adult beetle and its larvae 
join in the attack. 

Having considered a few cases of biological control I 
feel we should pause for a moment and consider exactly 
what the term means. In this article I use the words in the 
narrower sense, only including the introduction of living 
organisms for the control of other living organisms: the 
term covers such cases as we have considered so far—the 
use of insects to control prickly pear, of cats to control 
rats and mice, of predator ants to control pest ants, of 
aphidivorous flies to control aphids, and of Vedalia to 
control scale. Later we can consider the way mammals, 
amphibians, viruses, fungi and other plants are used to 
control various kinds of pests. 

But before going on to these, let us examine a few other 
aspects of biological control. The farmers’ rotation of 
crops at once springs to mind as a means of control of 
insect pests and weeds; the implications of this are well 
known and make elaboration unnecessary. Weeds may 
be kept down by careful organisation of grazing and 
prevention of their seeding. The time of application and 
type of fertiliser used can have a very marked effect on the 
vegetation. At Rothamsted on their experimental meadow 
known as Park Grass, this is very well illustrated. Different 
parts of the field have been given different fertiliser treat- 
ments ever since 1856. Today it is possible for anyone to 
pick out where one treatment ends and the next starts simply 
by studying the plants that cover the ground. Even though 
specific weeds are growing profusely in one plot they may 
be completely absent in the next; their seeds are bound to 
be present in both plots, but in the one the conditions have 
proved uncongenial for their germination. After the very 
severe winter of 1929, some bare patches appeared on many 
of the plots, and in some cases they were colonised by 
willow herb (Epilobium) from the nearby wood. The willow 
herb, however, did not colonise the plots nearest the wood, 
and here—even though there were bare patches open to 
colonisation—the soil conditions were unsuitable. In the 
plots in which the willow herb did manage to gain a footing, 
it was very soon smothered as the older inhabitants re- 
asserted themselves; and it was pushed back beyond the 
fence where it properly belonged! 

Trap cropping is another example of biological control. 
In this case part of the field is devoted to a crop which will 
attract the pest insects but which will not be left to mature. 
A band of crop round the headlands of the field may be 
sown early, and the insects as they emerge from their 
winter hibernation crowd on to this early growing plant. 
As soon as they have congregated on to it, and before they 
have had time to breed, the trap crop is destroyed. This 
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method is used to control insects which over-winter in 
hedges, such as the pea and bean weevil (Sitona). An 
alternative system is adopted in the case of wireworm. 


With root crops that are grown in widely spaced rows, the. 


method is to drill wheat between the rows of roots. This 
germinates before the roots and, being more attractive to 
the wireworm, it attracts the beetle larvae: BHC (benzene- 
hexachloride) can then be drilled along the rows to kill 
them. 

Varieties of crop that are resistant to a particular pest 
may also be used. This was done in the case of vines in 
France. Another method is to plant the crop early (or 
late), so that it is not in a susceptible state when the insect 
attacks. 

Frit fly on oats may be avoided in this way. The frit fly 
lays its eggs in mid-May between the lower leaf and the 
stem of the oat seedling; when the larvae hatch out they 
burrow into the seedling and destroy the central shoot. In 
a seedling just emerging from the ground this would be 
fatal, but if the seed has been drilled early, and given a 
top dressing of nitrogen to encourage quick growth, it 
should be strong enough to resist the attack. 


PRECAUTIONS NEEDED WHEN USING 
BIOLOGICAL CONTROL 


Returning now to a stricter use of the term ‘biological 
contral’, let us see why it should become necessary, and 
consider some of the precautions which are now taken 
before a new insect is introduced into a country. 

When one examines cases where resort has had to be 
made to biological control, it is clear that in most instances 
these have occurred on islands, or places which, although 
part of the mainland, may be considered to be islands. 
Also, for the main part, the pests to be controlled have 
been introduced from abroad in the past. The reason for 
the first observation is quite straightforward. The isolated 
position of the district prevents the agents which might 
keep down the pest from entering, and natural control 
would therefore have to depend on a limited ‘insular’ fauna. 

With regard to the introduction of new pests from abroad, 
although it is often not easy for a plant to become estab- 
lished in a new country, there are many factors which may 
be to its advantage. If the soil is suitable, it often happens 
that the competition from other plants is less intense, and 
agricultural practice may favour the intruder, as may also 
the different types of crops which are grown. Once the 
unwanted guest has become established, it often happens 
that the farmer does not know how to deal with it, and even 
if he does, in many countries, such as Australia, the farmer 


_ owns such large tracts of land that he does not possess the 


necessary capital to conduct the intensive campaign which 
may be necessary. Finally, but perhaps the most important 
factor, in migrating it leaves behind its virus, fungus, insect 
and vertebrate pests and is free to multiply without 
hindrance. 

I have already mentioned in connexion with the prickly 
pear how precautions were taken to see that insects intro- 
duced to destroy the plant are not capable of becoming 
pests of cultivated plants. This is of extreme importance 
where rosaceous weeds have to be suppressed. For 
example, there is no insect which may be used against the 
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FIG. 3. A valuable agent of biological control is this bug 
Anthocoris nemorum, which destroys the Fruit Tree Red 
Spider, one of the most serious pests of British orchards. 


blackberry in New Zealand, as other rosaceous plants are 
attacked by all the possible control insects. However it has 
proved possible to control piri-piri with insects, for although 
this weed is a rosaceous plant it can be controlled by an 
insect which lays its eggs on the leaves in winter; the only 
other rosaceous plant that keeps its leaves in New Zealand 
in winter is the strawberry, the leaves of which are equipped 
with a protective covering which prevents the insect laying 
its eggs on them. 

It is interesting to note that the more specialised an 
insect the more it tends to be confined to one host. Thus 
successful biological control is much more likely if one 
uses insects that produce galls, attack seed capsules or 
tunnel in leaves instead of relying on simple leaf-eating 
insects. Thus we find that Apion ulicis attacks gorse seed 
pods, but all economic legumes are safe. Similarly 
Euaresta aequalis will only lay eggs on fruits covered with 
hooked spines, most plants thus being free from attack. (It is 
amusing to note, however, that they have been induced to 
lay eggs on imitation fruit made of rubber into which 
bent pins have been stuck !) 

When introducing an insect for such purposes, care 
must be taken to see that it is free of parasites; otherwise 
there is a risk that the parasites may multiply and check 
the multiplication of the controlling insect. Conversely, in 
some cases it is desired to introduce some parasitic insect 
which grows inside the eggs of the pest insect, and then 
the best way to distribute it is to send out the parasitised 
eggs. Clearly it would be undesirable to send out eggs 
which would yield the pest rather than the parasite, so the 
eggs have to be sorted. A most ingenious method has been 
devised for doing this. It was observed that the non- 
parasitised eggs bounged better than the parasitised. The 
method of sorting is thus simply to roll the eggs down a 
chute on to a block of wood; the undamaged eggs bounce 
well and are collected in one tin, and the parasitised eggs, 
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which bounce less well, are collected in a tin placed nearer 
the chute. In this way eggs guaranteed 100% parasitised 
can be sold. 


UNEXPECTED DIFFICULTIES 


Unexpected difficulties are often encountered. As has 
been mentioned earlier, Vedalia has been used successfully 
to control cottony cushion scale on citrus plants, but when 
it was desired to control the same pest on spanish broom 
(Spartium junceum) it was unsuccessful, the reason being 
that the broom repelled Vedalia and it would not go near 
it to feed. 

In California, when attempts were made to control black 
scale, things became very complicated. When one para- 
sitic insect was introduced it was found that the females 
only developed on homopterous insects (i.e. true bugs) and 
the males on hymenopterous insects. A new insect thus 
had to be found and introduced so that both sexes of the 
parasite would be produced. A similar state of affairs arises 
in the control of common grain mite. This pest is not 
always present in the grain, so it has been suggested that it 
might be worth while to introduce the long haired mite 
which eats the minute particles of grain that always collect 
in grain stores; this mite does no damage, and it might be 
worth keeping this predator well nourished until some 
common grain mite comes along for it to eat. 

Yet another snag was encountered when Hippodamia 
was used to control aphid in the horticultural regions of 
California. This insect had been collected in winter, kept 
in cold storage, and liberated among the aphids which it 
was intended to control. Unfortunately Hippodamia is 
a migrant and it seemed to migrate instinctively away from 
the aphids. The solution here was to release Hippodamia 
well away from the insect it was meant to control so that it 
might migrate to the right place! In actual fact it was 
quite a long time before the Californian State Horti- 
cultural Commission realised that Hippodamia was doing 
no good when released among the aphids, as the aphid 
population had periodic cycles and if the insect was 
released at the peak of a cycle it might well appear very 
effective owing to the natural decrease in population 
density. 

I have laid great emphasis on some of the difficulties 
which are encountered in attempts to apply biological 
control, as I feel that, although it has played a very 
important part in the control of insect and plant pests, it 
should not be regarded as the solution to all pest control 
problems. If the technique is not treated with care it can 
do more harm than good. 

I have already dealt with two of the most important 
groups of control; I started with the control of prickly 
pear, a weed, by means of Cactoblastis, an insect, and I 
could easily continue with the equally spectacular control 
of St. John’s wort in California and Australia by a leaf 
beetle, but I will only point out one difficulty which was 
encountered. At first when control was attempted an 
insect from Britain was introduced: this was unsuccessful, 
and finally an insect from the Sout); of France was used. 
‘Ehis was better suited to the task as it came from a similar 
climatic zone. Insects should, for the best results, wherever 
possible be transported between homoclimes. 


I have mentioned the case of one insect being used to 
control another—Vedalia on cottony cushion scale in 
California. In Zanzibar there is the case of an animal 
which had to be killed to keep down another which could 
control a disease. This may sound a rather complicated 
procedure, but it was found to be the only practical one. 
In Zanzibar, a virus disease of cloves is carried by a species 
of scale insect; this insect is, in its turn, dependent on the 
red tree ant for its protection and its spread. The ants 
cultivate the scale insects and rear them in enormous 
numbers in their nests and, as if this were not enough, they 
also encourage strong infestation on the terminal twigs of 
trees. These colonies the ants protect from parasites by 
covering them with fine silken tents. Within the last twelve 
years it is thought that half the cloves in Zanzibar have 
died from this virus disease. It is not possible to attack the 
scales directly so their guardians, the ants, have to be 
killed. 

I cannot leave the scale insect, however, without pointing 
out that there may be difficulty encountered in destroying 
the ants. The same ants and scales also live on palm trees, 
which in native agriculture often occur in mixed plantations 
with clove trees. When the ants were killed off, the scale 
died, but it was found that the yield of nuts from the palm 
trees decreased, often practically to zero. For example one 
block of palms in Zanzibar yielded 72°3 nuts per palm in 
1951 when occupied by the ants (Oecophylla) compared 
with 13-4 per unoccupied palm. On examination it was 
found that the unoccupied palms were infested with a bug, 
a species of Theraptus, which destroyed the young develop- 
ing coconuts. This bug was absent from trees occupied 
by ants, which prey upon the bug. Anyone connected 
with biological control has always to keep his eyes open for 
problems of this type. 

Some of the earliest attempts at biological control of 
mammals took place in Jamaica. Black and brown rats 
were accidentally introduced there from ships and became 
a very serious pest in the sugar-cane plantations, even 
making it impossible to cultivate some parts of the island. 
In 1762 an ant (Formica omnivora) was introduced to 
control the rat. This ant preyed on the young of the rat 
quite successfully for a time, but, unfortunately, it tired 
of this diet and turned to the sugar cane, itself becoming 
a pest. In 1844 the Jamaicans made another attempt, this 
time introducing an amphibian, the giant toad (Bufo 
marinus), but this was completely without result. The 
next attempt was in 1872 when the Indian mongoose was 
tried, at first with marked success, but within ten years this 
animal also had become a pest. This omnivorous predator 
attacked ground nesting birds, waterfowl, snakes and 
lizards, the latter two themselves being good rat-catchers. 
Thus it not only stopped its own work but killed other 
animals which were doing a good job. 

Before leaving the use of one species of mammal to 
control another, I feel 1 should quote two more instances 
of failures if only to further emphasise the care that has to 
be taken with this method of control. One of the earliest 
attempts to control the rabbit pest in Australia was by 
means of the fox. This animal had its effect on the rabbit 
population but turned to farm stock and became a pest 
itself. In New Zealand members of the weasel family were 
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tried against the rabbit but in this case the main sufferers 
were the unique wild birds. 


MYXOMATOSIS IN AUSTRALIA 
AND EUROPE 


The latest attempt to control the rabbit is by the virus 
myxomatosis. As this virus has been the cause of such 
controversy in this country, I feel that it would not be out 
of place here to give a brief review here of the work which 
has been done on the virus. 

The Australian rabbit problem might have started at the 
same time as the prickly pear was introduced by Captain 
Phillip. I have mentioned him earlier as the introducer 
of prickly pear to Australia in 1787, and he also took with 
him five rabbits, but these did not flourish.* In 1824 
rabbits were recorded as being domestic animals in 
Tasmania but they do not appear to have spread to Aus- 
tralia till 1859 when twenty-four were dispatched in the 
clipper Lightning to Thomas Austin, of Barwon Park, near 
Geelong, Victoria. Six years later these had bred to such 
an extent that it is estimated that there were at least 30,000 
on his estate. A general article on rabbit control in 
Australia by Douglas Liversidge has already appeared in 
Discovery (June 1952, p. 191) so here | will confine myself 
to the general scientific background. 

In this case the biological requirements of the virus 
were: 


1. The virus must be able to spread from one rabbit to 
another in the wild state. 

2. It must be highly virulent so that few rabbits survive 
to build up a resistant race. 

3. It must retain its high degree of virulence during its 
passage or its effectiveness will decline with time. 

4. The resistance of the survivors to the virus must not 
be inherited. 

5. Host specificity of the virus must be high. 


As myxomatosis appeared to fulfil these requirements, 
the next step was to conduct tests on the spot. Firstly 
extensive host specificity tests were carried out. The results 
were favourable. Secondly, successful tests were carried 
out on Australian rabbits in a confined space. Thirdly, a 
test was made on a 90-acre enclosure on a small island, 
one trial being made in summer and one in winter. 
Although a number of rabbits was infected in each case 
the rabbits were not exterminated by a long way. Fourthly, 
a trial was carried out on a 90-acre site where the rabbits 
were infested with the stickfast flea (Echidnophaga), which 


* A reference to the first rabbits in Australia is contained in one of 
the manuscripts in the Mitchell Library in Sydney. The document 
is a letter from George Caley (who was in New South Wales from 
1799-1810) to Sir Joseph Banks. He is complaining about the Rev. 
Samuel Marsden, who was Chaplain to the newly founded colony 
and an enthusiastic farmer who played an important role in con- 
nexion with the introduction of the Spanish and other breeds of 
sheep into Australia. The letter says “This is not the first time 
Mr. Marsden has hurt my feelings and I swear by that Being which 
gave me existence that I will not retaliate...1 neither wish to 
injure or be injured but when I cannot keep a small dog without 
tying him up merely because Mr. Marsden’s rabbits are run at large, 
to be deemed as if sacred.”’ A little more biological control in the 
first decade of the 19th century would have meant that large-scale 
control measures against the rabbit would have been unnecessary 
in the 20th century. 
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DISCOVERY 


Dr. L. B. Bull had found out in laboratory experiments 
could carry the virus from one rabbit to another. The 
results in this case were that out of 500 rabbits in the 
enclosure only 17 failed to contract the disease. 

At this stage World War II intervened, and this work 
was suspended. 

After the war it was resumed, and between May and 
November 1950 the virus was released near Corowa in 
New South Wales and Gunbower in Victoria. At first it 
spread slowly, but by December it was spreading all 
along the River Murray, and by February had travelled 
700 miles to about the 26th parallel in Queensland. By 
1952, rabbits in the whole of Victoria and New South 
Wales were affected as well as those in parts of Queensland 
and South Australia. 

The spread of the disease has been greatly helped by the 
fact that any insect which bites more than one rabbit can 
spread the virus as transmission is purely mechanical, the 
insect merely acting as a flying pin, the ‘pin’ remaining 
infected for up to twenty-five days. 

In May 1952 the focus of attention on myxomatosis 
shifted from Australia to France where Dr. Armand 
Delille introduced the virus on to his rabbit-infested estate 
50 miles from Paris. The virus escaped and spread rapidly 
through France, Belgium, Luxembourg, Holland, Switzer- 
land, Germany and Spain, and on October 13, 1953 
arrived in Britain—in Kent, to be precise. At first the 
Ministry of Agriculture fenced off the infected areas and 
tried to exterminate the rabbits there to get rid of the 
disease. This, however, did not prove successful and at the 
time of writing the disease is continuing to spread. During 
the first fortnight of May five outbreaks occurred in Kent, 
and outbreaks were reported for the first time in Cornwall, 
Gloucestershire and Norfolk, and also in another country, 
Wales. With the warmer summer weather on the way and 
the subsequent increase in activity of biting insects, further 
spread may well be rapid and we can only await results. 

In a similar way, a virus has also been used to control an 
insect, the polyhedral virus to control the spruce sawfly 
in Canada. This virus together with two sawfly parasites 
and a fungus which attacks both the living and the dead 
insects are bringing about a very marked reduction in the 
sawfly population. (Further details about the virus were 
published in Discovery, November 1950, p. 345.) 


THE GIANT TOAD IN PUERTO RICO 


In Puerto Rico we meet the giant toad (Bufo marinus) 
again, not this time attempting, unsuccessfully, to kill 
rats, but still in the sugar plantations, this time killing 
May beetles. The larvae of these beetles attack the roots 
of the sugar cane, making it possible only to obtain one 
crop per planting instead of the usual four or five. At- 
tempts had been made earlier to control the pest by means 
of hand picking but it was not till 1924 when forty giant 
toads were introduced that success came in sight. Within 
ten years the May beetle had been destroyed as a pest and 
the giant toad was dying out. The giant toad weighs 
24 lb., and as it is estimated that 1000 toads can eat ten 
million grubs in eighteen months; this would have been an 
immense job to tackle by hand picking! It is interesting to 
note that when the toad was introduced it had no parasites, 
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but soon insects started to prey on its tadpoles. In the past, 
such insects had been controlled by spraying oil on the 
surface of the water, but unfortunately this would have 
killed off the toad so other methods had to be found. 
Finally a small fish was introduced which preyed on the 
insect larvae, so the toad was saved and yet another type 
of biological control was born. 

To round off this section of the article three other 
methods of control must be mentioned, although work on 
them is not yet very far advanced. Bacteria have been 
used to control some insects, the remains of infected 
insects being ground up and scattered over the ground to 
spread the disease. 

It is reported that the cultivation of bladderwort may 
prove a way of keeping mosquitoes under control in some 
districts, the larvae being sucked into the bladders of the 
plant during the aquatic stages of their life. I gather also 
that spiders have been used to control bed bugs in Greek 
refugee camps in the Middle East in 1925. 


CONCLUSION 


Even today, very strict watch is being kept at all ports 
and aerodromes as it is still possible for new pests to become 
established. It was not till 1945 that the wood wasp reached 
Australia, but it has flourished exceedingly and now it is a 
common pest over 30,000 square miles. Insects living in 
wood are amongst the hardest to keep out of a country. 
In fact in one case it was reported that a wood wasp which 
was imported into New Zealand in a piano, did not emerge 
till the piano was in use! 

Sometimes the entrance of a new insect pest has been 
prevented by strict quarantine methods. The colorado 
beetle may be quoted as an example in this country, and 
in Southern Rhodesia the tsetse fly has been prevented 
from spreading to some districts by erecting two barbed 
wire fences 10 miles apart between which no animals are 
allowed. This no man’s land has been sufficient to keep 
the insects at bay. 
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FIG. 4. The Giant Toad of S. America 
(Bufo marinus), which has been used as a 
means of controlling several insect pests. 


Before I close there are just two final points. Firstly in 
all farming operations, care must be taken not to upset the 
balance of nature in such a way as to be unfavourable to 
man. This applies especially to the modern poisonous 
sprays, whether they are used against weeds, insects or 
disease. 

Secondly if a sheep dies of blow-fly attack, it is not 
necessarily advisable to bury it at once! If it is left on the 
surface for a few days, other blow-flies will lay their eggs 
in it. Research by the New South Wales Department 
of Agriculture indicates that a sheep buried two days after 
death will produce 14,000 primary flies, while if it is left on 
the surface so many eggs are laid that the maggots compete 
with each other and only about ninety primary flies are pro- 
duced. Ulyett (1949) illustrated this case of biological 
suicide by taking lumps of meat weighing 140 gm. and 
putting blow-fly maggots in the meat. 


When he planted 100 larvae 80 survived 
2000 larvae 1000 survived 
4000 larvae 800 survived 

10,000 larvae Nil 


This experiment brings out very clearly the type of point 
I have been trying to emphasise all through this article. 
If you are engaged in biological control you must adopt as 
your motto “‘Look before you leap’’. 
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FIG. I. 





The radar picture of Hamburg harbour. This detailed mosaic is made up of PPI photographs 
obtained by means of a Decca Harbour Radar (Type 31). The River Elbe is seen running along the 
bottom of the mosaic. On the right is Tollerort and in the centre the confluence of the River Kohlbrand. 
To the left is Hamburg. Going north up the Kohlbrand, the picture extends to Harburg where a large 
ship can be seen coming downstream led by two tugs close together but still distinguishable. There is 
another tug to starboard astern. The rectangles inland, south-west of this ship, are gantries in a shipyard. 


ADAPTING ELECTRONICS TO PEACE 


SIR ROBERT WATSON-WATT 


C.B., F.R.S. 


No satisfactory and compact definition of ‘electronics’ 
has yet been given. For our present purpose we include 
in electronics all devices which depend on the movements 
of electrons in thermionic tubes (or in such comparable 
solid state equivalents as the transistor) for the indication 
Or measurement of physical quantities. The field thus 
delimited is still difficult to describe, not so much because 
it is so extensive as because it is so diversified. To treat 
radio communications, broadcasting and television—to 
which we may add all other uses of electronics in the enter- 
tainment industries—as a separate field is reasonable and 
convenient. The only other such separation that is at all 
practicable is to put radar, guided missiles and radio aids 
to navigation all into one other separate package. As for 
the components of electronic equipment, the majority of 
them are qualitatively common to the communications 
and entertainment field on the one hand and to the radar- 
and-the-rest field on the other. But the demands for 


precision, stability and reliability are even higher in the 
latter than in the former field, so that care must be taken 
in making one single summary of the industry. 

The initiation of radar in 1935, and the demands of the 
‘radio war’ in 1939 to 1945, raised the radio communication 
and broadcasting industry from a £20 million industry to a 
£500 million radio-cum-radar industry. It is almost impos- 
sible to discuss intelligently and openly the levels at which 
this defence industry must be maintained, or to which it 
ought to fall, in the next few years. All that can usefully be 
done is to make, once again, such familiar statements as that 
this defence industry was greatly helped by the pre-war 
health of the broadcasting and television industry; that 
electronic industry is very heavily dependent on develop- 
ment contracts for defence which are not in industrial- 
economic balance with consequent production contracts; 
that such contracts are, however, repaying the pre-war 
debt in techniques; but that no industry which is heavily 
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dependent on defence contracts can be inherently stable 
and healthy. These uncomfortable platitudes lead us to 
survey how radar grew, and how modern electronics grew 
from it. 


RADAR DEVELOPMENT 


Proposed in February, put into field development in May, 
conclusively demonstrated as a revolutionary element in 
defence by November 1935, ground radar for the location 
of hostile aircraft went to production in 1937, under 
conditions of great secrecy. Proposed within 1935, air- 
borne radar for the location of surface ships (and surfaced 


submarines) went to somewhat premature production very 
soon after the ground equipment. Proposed also within 
1935, airborne radar, to assist night fighters to close on 
enemy aircraft, did not reach first production shape till 
January 1940. Developed from the 1935 proposals, ship- 
borne radar was installed in two operational ships in 
October 1938. Similarly developed from the initial pro- 
posals, radar for ground anti-aircraft artillery went to 
production in 1938. Proposed in 1937, the radar-like aid 
to bomber navigation called Gee was held undeveloped 
for lack of available effort until it went to production on 
highest priority in 1941. 

Foreshadowed in flight trials of 1937, terrain discrimina- 
tion by radar, as embodied in the airborne bombing aid 
H2S, awaited the generation of adequate power and 
sensitivity on centimetric radar waves, which came early 
in 1940, and the development of the Plan Position Indicator. 
Centimetric waves and the Plan Position Indicator were 
also indispensable to air and surface operations in the 
anti-U-boat war, and to the A.A. gunners’ defeat of the 
Vi—although it should be added that this original early 
warning equipment of 1937 was of special value in locating 
V2 sites in 1943. Centimetres and P.P.I. were also of the 
essence of the shipborne marine radar developed and 
produced in Canada to Admiralty requirements. This set 
was the parent of the shipborne marine radars in civil 
use today. 

These, with the enemy weapons VI and V2 mentioned, 
were the immediate progenitors of the defence radar and 
guided missiles of today. Alongside them should be ranged 
the radar-like Loran aid to navigation, of lower accuracy 
but wider coverage than Gee, which in turn was of lower 
accuracy but wider coverage than the very precise Oboe 
bomber aid. The scale of this side of the industry in mid- 
1945 may be indicated by the fact that from 1935 to mid- 
1945 the United Kingdom had spent £250 million on 
radar, while its closest relatives, the United States, had 
spent $3000 million. 


SHIPBORNE USES 


The greatest proportionate use of radar in peaceful avoca- 
tions is that of the shipborne radars already mentioned. 


So early as the end of 1948, with 3082 vessels over 500 tons 
on British register, 14°% were radar fitted; 46% of all 
ships over 10,000 g.r.t., 45% of all passenger liners and 
44% of all passenger-cargo liners, but only 24% of the 
tramps, had radar; 1500 more British ships have been 
fitted in the intervening five years, and fitting goes on at 
a present rate of about 450 British ships per annum. 


DISCOVERY 


Marine radar sales for ships of other register is a sub- © 


stantial market; four British manufacturers have fitted a 
total of some 4000 ships. 
There is a limited, but wholly unsatisfied, demand for 


two types of shipborne radar differing from current stan- © 
dards. On the one hand a quite noteworthy number of © 


owners of private pleasure craft await a radar of smaller 
bulk and weight. On the other there is, beyond the constant 


pressure for better performance in general, a case fof a © 


radar of extremely high discrimination, even at the cost 


of limiting the maximum range, to facilitate harbour © 


entrance and berthing in bad visibility. 


HARBOUR CONTROL 


Ferry services on, for example, Mersey, Thames and Tay © 


have been greatly aided -in low-visibility operations by 
radar; not merely have interruptions of service been much 
reduced, but the economics of operation have been sub- 
stantially improved. The radar aid may be given in either 
of two ways. A single shore-based radar may give, by 


radio telephone, a ‘running commentary’ which enables | 


master or mate to have all the benefits of radar without 
watching a screen. Alternatively, each vessel may carry 
its own radar; but the price of the consequent indepen- 


dence of advice from the shore is considerable, since in | 


busy tidal streams in particular the responsible officers 
cannot readily maintain a close watch on radar and reality 
simultaneously. 

Harbour supervision or port radar in the U.K. began 
with a small installation at Douglas, I.o.M., but the 
opening of this service preceded by only a few weeks that 
of large-scale Liverpool radar, which is still, after years, 
the finest port radar in the world. The Ministry of 
Transport has installed a relatively simple port radar at 
Sunderland. Despite the conclusive demonstration by 
these pioneer installations, alike of the need for and the 
value of such aid, it is difficult to forecast the curve of 
demand for port radars. The prolonged indecision of major 
quasi-independent port authorities and the lack of a 
declared Ministry of Transport policy for the nationally 
controlled ports are regrettable and surprising. (See Fig. 1.) 














CIVIL AVIATION 
If the marine radar situation is thus unsatisfactory, the 


problem is still more acute in civil aviation, with its in- © 


escapably international character. Discussions since 1944 


on radio and radar aids to civil aviation make a sorry © 
story of good intentions frustrated by mis-organisation | 


and separatism. Earnest and indeed enthusiastic effort has 


been squandered through inadequate preparatory work | 
prior to international discussion; the narrowness of national | 


outlooks has been aggravated by failure to recognise the 


relative spheres of initiative appropriate to the international — 
organ of the airline operators, the International Air | 


Transport Association, on the one hand, and of the 
international organ of the governments 


Organisation, on the other. 


The consequence is that there is no sound basis for © 


production planning in the industries responsible for radio 


providing ~ 
ground-based facilities, the International Civil Aviation 


and radar aids to the safety, punctuality and comfort of | 
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FIG. 2 (above). A fine example from the armoury of nuclear physics 
research which has been built up by electronic engineers is the giant 
cosmotron of the Brookhaven National Laboratory, Long Island, 
New York. This instrument was designed to accelerate protons 
until they acquire an energy in excess of 2 billion electron-volts, 
an energy hitherto available only in cosmic rays. 

FiGS. 3-4. The ultrasonic drilling machine (right) can bore intricate 
holes in hard and brittle substances such as glass, ceramics, precious 
Stones and tungsten carbide. 
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air services. International discussions in 1954 sound like 
a muffied and confused echo from 1946. What could be 
done is very clear; what spade and paper work is necessary 
can readily be specified. Meanwhile civil aviators get them- 
selves shot down in national ‘corridors’, passengers find 
themselves proceeding smoothly and confidently through 
cloud and fog to a gentle landing by radar aid at one airport, 
only to experience harrowing glimpses of ‘near-misses’ at 
the runway of the next airport—all this because of the 
absence of radar aids which could be made economically 
available at all important airports were standardisation 
and planning adequate for stable production programmes. 
Radio and radar can avoid all doubts about the exact 
position of any aircraft within a very large area containing 
the imaginary air route, can prescribe the safe and com- 
fortable landing path to a just visible runway, and can 
pick a safe and comfortable path among turbulent cloud 
masses. But so long as we squander our most scarce 
commodity, brain-power, in unfocused haggling we cannot 
affort to undertake production of any one system on a 
numerical scale that would avoid apparently prohibitive 
costs. 


CALCULATORS 


The electronic engineer, emboldened and encouraged 
by his successes in radar, turned to the development of 
electronic calculators, The result is that in our 20th cen- 
tury we are just over the threshold of a ‘Commercial 
Revolution’ no less important than the ‘Industrial Revolu- 
tion’ of the 19th century. The Commercial Revolution 
(and the adjective is too narrow) is guaranteeing us 
relief from a very large fraction of that kind of mental 
labour in which the outcome is inherent in the input 
information, but can only be extracted by well definable 
but usually laborious logical procedures. 

The electronic computer began life as a costly giant 
capable of doing far more than is usually required of it; 
its later generations are individually less versatile and less 
Capacious, and can, consequently, be made at a price which 
allows them to achieve great economies in business opera- 
tions and elsewhere. The whole of the mechanics of book- 
keeping and accountancy, indexing, invoicing, inventory 
control, civil and military logistics and so on, must pass to 
the care of the electronic computers. In essence, the 
computer and the programmer play a game of ‘Twenty 
Thousand Questions’, and, as elsewhere, the skill consists 
in asking the right questions, to which the machine can 
answer only ‘yes’ or ‘no’. 

This is the most obvious contribution of the newest 
electronic industry to industry and business generally. But 
the scope of this so-called ‘computer’ is far from being 
limited to computation. The ‘computer’ is better called an 
information processing engine; it can undertake the 
mechanical sides of librarianship and even of inter- 
language translation as well as of super-arithmetic. The 
‘computer’, in its most versatile form, costs something 
between a quarter and half a million pounds; the more 
recently developed machines are likely to sell at something 
over a tenth of these prices. Their capacity is still so large 
that one of them could handle the arithmetic of a dozen 


moderate-sized businesses. The electronic computer indus- 
tries (a production industry and an application industry) 
will be the most important of the electronic industries in 
their effect on commerce and industry generally. 


AUTOMATIC FACTORIES 


Lastly, the electronic measuring instrument industry 
provides the elements of a nervous system for industrial 
production. The ease with which electricity turns corners 
without overshooting and without leaking away, and the 
ease and accuracy with which almost any physical quantity 
can be converted into an electrical quantity, has brought 
electronic instruments into the control of innumerable 
production processes, and has brought us at last to the 
threshold of the wholly automatic factory. The now high 
level of adaptability, reliability, self-checking and self- 
correction of the electronic instrument is of high industrial 
significance. Tireless, unflagging, indifferent to ungenial 
ambience, accommodating themselves to the smallest space 
and the longest indicating distances, they measure distances, 
weights, volumes, times, temperatures, chemical charac- 


teristics, viscosities, rates of flow, sound levels, sound 


qualities, colours, vibration characteristics and so on. They 
will indicate them remotely and continuously, and if desired 
initiate corrective action to maintain them within preselected 
limits, which may readily be made extremely narrow. 

It would be tedious to catalogue a long list of examples; 
perhaps it will suffice to illustrate versatility by quoting 
three from what may be called ‘biological industries’. A 
simple microphone and sound filter system has invaded 
apiculture, telling the beekeeper the state of his hive and 
of its queen, warning him of the imminence of swarming. 
The acoustic echo sounder is revising the rules of catching 
fish, as is radar the rules of catching whales. The electro- 
cardiograph, the electro-encephalograph and a host of 
other indicators of the fine detail of vital processes in the 
human body are aiding the doctor in his task of maintain- 
ing health and longevity in those who are being relieved 
of much muscular effort by’ the electrical power industry, 
of much mental drudgery by the electronic information- 
processing industry, and provided with refined and 
extended sensory systems by radar, radio and electronic 
instrumentation. 

The electronics industry is an important element in 
British export industry. But its greatest need and its fairest 
promise remain unfulfilled. The putatively benevolent 
despotism of the Ministry of Supply (and Engineering) 
and the prickly partnership in that common organ of the 
industry which was formed at the request of the Govern- 
ment to facilitate co-operation between Government and 
industry, the Radio Communication and Electronic 
Equipment Association, have both been so defensively 
minded (in both senses of the adverb) that they fail to 
provide an aggressive export implement, The Ministry must 
not forget that it is more than the procurement agency for 
defence users; the Association must learn that the immediate 
commercial separatisms of individual firms can profitably 
be subordinated to a boldly co-operative campaign in 
which the competitor from abroad is more to be feared 
than is the co-member at home. 


(This article is reprinted by permission from the Annual Review of British Industry published by “The Financial Times’’.) 
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STRAWBERRIES: CULTIVATED AND WILD 


B. BARNES bsc., Ph.b.. F.LS. 


In June this year we published an article on the origin of modern varieties of raspberry. This article deals with 
the origin and' development of modern strawberries. The cultivated strawberries have all come from a chance 
cross between two American species which occurred in France after Frezier had brought five plants of the 
Chilean Strawberry to Brest—only one of which survived to sire the world’s strawberry-growing industry, 
according to the records. (It is interesting to note that the flower of the strawberry is included in the armorial 
bearings of the Scottish family of Fraser, to which Frezier was related.) The varieties derived from this cross 
have become more and more susceptible to disease, and the breeding of strawberries is now being revolutionised 
in order to produce disease-resistant varieties. The best example of such a ‘tailor-made’ plant is the variety 
called Auchincruive Climax, described by one expert as *‘the most paying variety at the present time” in Britain. 
Most of the authorities consider that the degeneration of strawberries is due to excessive inbreeding, and new 


crosses are-now being made with various wild species 


The garden strawberry is one of the best of our fruits, even 
though a few unfortunates are allergic to it. The extensive 
cultivation of the plant now supports a substantial industry 
in most temperate regions of the civilised world. In some 
parts of this country, the strawberry may even influence the 
rent of land, inasmuch as plots relatively immune to late 
frosts and therefore able to yield early and remunerative 
crops of the fruit command a much higher rent than is 
required for neighbouring but colder situations. As is 
usual with luxury crops, a few days of extra earliness make 
a great difference to the market value of the produce. 

The flowers of the strawberry are usually white, though 
pinkish petals are sometimes seen. Usually, the flowers 
appear to have both male and female organs (stamens and 
carpels), but often there is at least some functional de- 
ficiency on one side or the other, so that flowers which 
look as if they are hermaphrodite are in fact almost or 
quite unisexual. Profuse flowering may not indicate 
profuse fruiting. In ordinary cultivation, the strawberry 
is propagated chiefly by means of the plantlets formed at 
the ends of the runners put out by the older plants; most 
growers plant up their new beds from plantlets chosen 
from the runners of plants which have fruited satisfactorily. 
So, good stocks are perpetuated in which a female tendency 
is strong, but care has to be taken that sufficient plants 
strong on the male side are retained to provide the pollen 
essential to good cropping. 

The flesh of the strawberry forms from the tip of the 
flower stalk. This tip (receptacle) carries the various parts 
of the flower, including the stamens and the carpels. After 
pollination and fertilisation, the receptacle enlarges, chiefly 
by the rapid multiplication of the cells immediately beneath 
its surface, and the one-seeded pips (which in a strict 
botanical sense are the real fruits of the plant), each 
developed from one of the carpels of the flower, become 
separated and spread out over the surface of the swelling 
receptacle. As that matures, its skin turns bright red, and 
some pink pigment appears in the soft flesh. At the same 
time, sugars, fruit acids and odorous substances accumu- 
late in the flesh, and so the soft, luscious fruit comes to 
full maturity. 

The garden strawberry is rather more than a century 
old. It came into being when two American plants, widely 
separated geographically, one on the Pacific side of South 
America, the other in eastern North America, were 
brought together, almost by chance, in Europe. In 
isolation, neither had all the qualities which make the 
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delicious fruit: in union, each brought in something, and 
maybe each lost something. The contributions combined 
to form the strawberry which deiights the eye and the 
palate; the losses, less obvious, have apparently made the 
garden strawberry less stable than the parents, and less 
able to resist disease. 

The colonisation of North America in late Tudor times 
was followed by the introduction into Europe of many 
kinds of plants. Of these, a large number went to the 
great gardens at Versailles, then directed by the brothers 
Robin (the Master Robyns of contemporary English 
authors). These brothers were good botanists and garden- 
ers, and, from their many friends, amiable men. They had 
a wide circle of correspondents, and were known personally 
to many of their European colleagues. Among their 
friends was John Tradescant the elder, who about 1623, 
when he was chief gardener to the Duke of Buckingham 
(whom he subsequently accompanied on the La Rochelle 
expedition), brought in, either from Brussels or perhaps 
from Versailles, the Virginian strawberry (Fragaria vir- 
giniana) which the Robins had obtained from North 
America. The plant seems to have been of little value, for 
Parkinson (Paradisi in sole Paradisus terrestris; 1629) 
wrote of it that “in seven years he could never see one 
berry ripe on all sides, but still the better part rotten, 
although it would every year flower abundantly and bear 
very large leaves’. There seem to be no early comments 
on the ability of the plant to withstand frost; that suggests 
that trouble from frost was not encountered. 

Tradescant the elder died in 1637, by which time he and 
his son John had begun to organise the collection known 
as ‘Tradescant’s Ark’, the site of which is still com- 
memorated by Tradescant Street, to the south-west of 
Kennington Oval. The house in which they lived survived 
until 1881. In 1656, the younger John published his 
Museum Tradescantianum; or a collection of rarieties 
preserved at South Lambeth near London, including a 
garden catalogue supposed to have been compiled in 1623: 
this includes the Virginian strawberry. From the Lambeth 
garden, the plant may well have passed to the botanic 
garden which for a short time occupied part of the site 
of Buckingham Palace, and thence to the Botanic Garden 
at Oxford, where it was probably growing by 1680. 

The Virginian strawberry continued to be grown in 
gardens in England and on the Continent for its moderately 
large, bright red fruits; there were also white-fruited 
varieties. But it was not much esteemed. John Martyn, 








in the second volume of his English version (1730) of 
Tournefort’s Jnstitutiones rei herbariae, a work which 
usually goes into much detail about the uses of plants, 
makes but scanty mention of the Virginian strawberry. 
It is likely that fresh introductions of the plant occurred 
from time to time, but there is no evidence that cultivation 
notably increased the size of the fruit. The plant did not 
replace the wood strawberry (Fragaria vesca) as might 
have been expected. As the fruit have a good appearance 
and odour, and stand up well to cooking, the plant is 
still grown to suit the needs of fruit-preservers. 

In the early years of the 18th century, a French 
officer, named Frezier (he was a descendant of a Scottish 
emigré of the family of Fraser), was travelling on the 
Pacific Coast of South America. There he found, both 
wild and in cultivation, the Chilean strawberry (Fragaria 
chiloensis) with its large, dull-purplish fruit. When he left 
Concepcion in Chile, to return to France, he put on board 
ship a number of plants, but during the voyage he lost 
most of his stock. It was difficult to obtain fresh water 
for the plants, and it may well be that they were watered 
with salt water; we know, that this happened to Tradescant 
about a century earlier, when he was returning from 
Russia with a collection of plants—none of these were 





FiG. 1. An early woodcut of Fragaria 
vesca from Bock’s Kreuter Buch, 1546. 
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strawberries. Frezier arrived at Brest in 1712 with five 
strawberry plants still alive. One of these was planted at 
Brest; we do not know what happened to the others which 
may well have gone to the Royal Gardens at Versailles. 
The plant grew well at Brest and was propagated by 
runners, but for some years set no fruit, for it was a female 
plant and there was nothing to pollinate it. By a lucky 
chance Brest has a mild climate, a circumstance which 
favoured the survival and increase of the frost-sensitive 
Chilean strawberry. After some years of non-cropping, the 
Chilean strawberries at Brest were interplanted with the 
wood strawberry (Fragaria vesca), the hautbois strawberry 
(Fragaria moschata) and the Virginian strawberry. Pollina- 
tion followed, doubtless from the Virginian strawberry— 
though this was not realised at the time—cropping 
followed, and within a few years a flourishing strawberry 
industry developed at Brest, producing large fruit which 
were sent inland to Paris and other parts of France, and 
by ship to England, for the attractively coloured fruit 
proved popular. In quality, these fruit were inferior to 
those of the wood strawberry, though their size com- 
mended them, but they did not then replace those of the 
wood strawberry in general use. It was commonly thought 
that the fruits had formed because of a cross between the 
Chilean strawberry and the hautbois strawberry, perhaps 
because Duchesne (born 1741), and the author of a 
remarkable book on strawberries (Histoire naturelle des 
Fraisiers, Paris, 1766), who had access to the great collec- 
tion of plants growing at Versailles, thought that he had 
produced there a cross between those two plants. He, or 
some other gardener, brought into cultivation a strawberry 
which tasted something like a pineapple, and as the pine- 
apple was then very fashionable, the likeness in flavour 
helped to recommend this new fruit, known in this country 
as the pine strawberry. Duchesne appears to have had a 
special interest in the hautbois strawberry, maybe because 
he liked the musky fruits; he thought the pine strawberry 
sprang from his cross, but others thought it was a variety 
of the Chilean strawberry, and still others, who appear 
to have been right, regarded it as arising from a cross 
between the two American species. 

The pine strawberry came to Philip Miller, the famous 
curator of the Chelsea Physic Garden about 1756. It 
reached him from Amsterdam, and was said to have come 
from Surinam; for a time it was called the Surinam straw- 
berry. This origin is doubtful, but it may well be that 
strawberry plants had been taken from Europe to South 
America and that there had been reintroductions. There 
are many uncertain points in the story and it is not possible 
to decide the true origin of the Surinam strawberry, nor of 
the several other varieties that gradually made their way 
in cultivation. Gardeners were no doubt increasing their 
stocks by the use of runners, and were also selecting these 
runners from parent plants which were giving good fruit. 

By the end of the 18th century, the hybrid strawberry 
in several varieties was to be found in a number of 
English gardens, together with the wood strawberry and 
the hautbois strawberry, and some growers were beginning 
to specialise in strawberry cultivation. Rigid methods of 
controlling pollination were still to be devised, and it does 
not seem that anyone had yet raised plants from seed in 
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any systematic fashion. About 1806, Michael Keens, who 
had extensive strawberry beds at Isleworth, raised some 
good plants from pips taken from plants which appear to 
have been nearly pure Chilean strawberries, and in 1821, 
he introduced Keens’ seedling, which in size and quality of 
fruit was well ahead of any form of the plant then available. 
Keens’ seedling may still be found in cultivation, and it is 
still a very good variety. So far as we know, Keens de- 
pended upon chance pollinations with subsequent selection 
of the choicer plants raised from the seeds. 


LAXTON’S ‘ROYAL SOVEREIGN’ 


About the same time, T. A. Knight, the President of 
what is now the Royal Horticultural Society, was also 
crossing strawberries and selecting from the offspring. 
He had about 400 varieties in his collection. He raised a 
number of good new varieties—all doubtless hybrids 
between the two American species—but again, details are 
not known. All his good plants produced large red fruit. 
Some of them, in particular the Elton seedling, were late 
croppers, a new and useful character. His work stimulated 
other growers, here, on the Continent and in America, so 
that the list of desirable garden strawberries steadily 
lengthened. To it, Thomas Laxton made some noteworthy 
additions. By 1878 he had begun systematic crossing trials 
at Bedford, using many of the varieties then in cultivation, 
and his work culminated in 1892 with the remarkable 
‘Royal Sovereign’. All the growers up to this time had 
worked with plants known to be good, but of really un- 
known history. They used their experience to control their 
choice; the modern developments of genetics and cytology 
were still to come, and to make possible more orderly 
experiment than was possible to the men who made the 
garden strawberry. We now know that inheritance in the 
strawberry is a complicated matter; whether or no the 
future, using carefully controlled methods, will produce 
better strawberries than the best now in our gardens, 
remains to be seen. 

Carefully controlled breedings between the two American 
species, and other trials in which the European species 
have been used, have shown that only crosses between the 
American plants will give offspring with the character- 


istics of the garden strawberry. When the other species are 
_ tested, there is either complete failure, or at the best the 


production of sterile hybrids. The indications so obtained, 
that the two American species are the parents, either 
directly, or through hybrids already formed between them, 
of the garden strawberry, are confirmed by findings on the 
nuclear structure of the plants. The American plants, and 


_ their hybrids (which means all the many stocks of garden 
_ Strawberries which have been investigated), are octoploids, 


with a chromosome number 2”= 56. The hautbois straw- 
berry is hexaploid, with a chromosome number 2n= 42, 
and the wood strawberry is diploid, with a chromosome 
number 2n=—14. Effective crosses have been obtained only 
between the octoploids. These findings show beyond all 
reasonable doubt that the garden strawberry could not 
have arisen until the chances of geographical exploration 
brought the two American plants together in Europe, and, 
as the history shows, even after this had been done, many 


_ years went by before the position was understood. The 











(Nat. size) 


FIG. 2. 


The origin and development of the garden 
Strawberry. (After M. B. Crane, Journal of the Royal 
Horticultural Society, 1950, Vol. 75, p. 433.) 


1. Fragaria vesca 14 1300— 
2. Fragaria elatior 42 1500— 
3. Fragaria virginiana 56 1600— 
4. Fragaria chiloensis 56 1700— 
5. Keen's seedling 56 1821— 
6. Royal Sovereign 56 1892— 


garden strawberry has the large fruits of the Chilean 
strawberry, the colour of the Virginian strawberry, some 
contribution to the flavour from each, and, from the 
Virginian strawberry, some degree of resistance to frost, 
making possible the growth of the hybrid in all places 
where the winter is neither too hard nor too long. 
Whenever plants of the same kind are grown together in 
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TABLE I 


The polyploid series in strawberries, shown in relation to wild and cultivated species; x (the haploid number) is 7. Plants with 
odd numbers of chromosomes are not found wild; they are mostly sterile or nearly so. The octoploids (S56 chromosomes) arose 


by crossing and selection; 
synthesised in the U.S.A. with the aid of colchicine. 


they are the most vigorous forms. 


Note the synthetic decaploid (with 70 chromosomes), recently 


(After Dr. Gordon Haskell and H. Williams.) 








Multiple Name 2n Examples Fertility Habitat 
2x Diploid 14 | F. vesca L.; F. mexicana, etc. Fertile | Wild 
3x Triploid (21) | (F. orientalis < 2x species) Sterile Laboratory hybrid 
4x Tetraploid 28 | F. orientalis Fertile Wild 
5x Pentaploid | (35) | (2x x 8x species) Sterile Laboratory hybrid 
6x Hexaploid 42 | F. elatior Fertile Wild 
7x Heptaploid | (49) | (6x 8x species) Sterile Laboratory hybrid 
8.x Octoploid 56 | F. chiloensis, F. virginiana and their derivatives, Fertile Wild and economic 
e.g. ‘Royal Sovereign’, by breeding and Forms 
selection 
9x Nonaploid | (63) | (10x x 8x species) Sterile Laboratory hybrid 
10x Decaploid 70 | Recently created form (No. 4206, synthesised by Fertile | Colchicine-derived, 
the U.S. Department of Agriculture). possibly economic 




















large numbers, their appropriate diseases usually soon make 
their appearance. The strawberry has its special pests. 
Some are relatively unimportant, but two are destructive 
and both are now receiving the active attention of the plant 
pathologists. The red-core disease, due to a fungus related 
to that infamous as the cause of late blight in the potato, 
has done much harm to strawberry plantations in this 
country. Much is now known about it, much remains to 
be done. Virus diseases are the other prominent trouble. 
Strawberry virus is under active investigation at the 
Research Station at East Malling, and the time has not yet 
come for an attempt to discuss the matter in detail. It is 
evidently a complicated affair; some plants may show but 
faint symptoms, others at the other end of the scale may 
show most severe damage and death. It seems that the 
condition can build up, and that more than one virus may 
be concerned. One very interesting point is that when the 
wood strawberry is growing as a wild plant, it does not 
seem to be affected by the virus, whereas in cultivation, 
attack may be heavy. Maybe the tissues of the wild plants 
become softer in cultivation and then readily penetrable 
by the insects which carry the virus. An odd reference in 
Tournefort, from which little can be learnt, to a ““Common 
Strawberry with a variegated Leaf’? may, however, be an 
early record of virus in the wild wood strawberry. 

Although it seems clear that the garden strawberry is 
a hybrid between the two American species, it is not possible 
to give a rounded-off account of the strawberry without 
some consideration of the strawberries indigenous to 
Europe. Of these there are three: the wood strawberry 
(Fragaria vesca), the hautbois strawberry (F. moschata— 
or F. elatior) and Fragaria viridis, which here needs no 
more than to be named. 

The wood strawberry has attracted man from early 
times. Its pips have been found in peat on the sites of 


early settlements, and they have been recovered in some 
quantity from the mud of Swiss lakes where pile dwellings 
formerly stood. These finds show no more than that early 
man ate the fruits as a pleasing adjunct to his habitual 
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food. By the 14th century, gardens were a pleasure of 


kings and nobles. It is known that Charles V of France 
(about A.D. 1370) had many plants of the wood strawberry 


a 





in his garden at the Louvre. The first mention of the wood 
strawberry in England occurs in a book Mavster Jon 


Gardiner, written not later than A.D. 1440. A century later, 
Ruellius, writing in Basle, mentions that several races of 
the plant were in cultivation, and at about the same time, 
Hans Holbein the younger depicted one of these in a 
painting; the variety had one leaflet to each leaf instead of 
the usual three leaflets, and the same variety was found as a 
wild plant by Linnaeus, in Lapland, in the 18th cen- 
tury. The Hampton Court Accounts for 1530 include 
a record of a payment made for the gathering of roots of 
the wood strawberry, by the bushel, for the new gardens 
there; it was current practice in those days to stock gardens 
with wild plants. Still a little later, Thomas Tusser, in his 
Five Hundreth Poyntes of Good Husbandrie (1573), recom- 
mends the cultivation of strawberry plants carefully 
chosen from “those growing abroade among thornes in the 
wood’’, and Parkinson (1629) says distinctly that the wild 
strawberry of the woods is the garden strawberry. A little 
earlier (1574), Thomas Hill, in his Profitable arte of garden- 
ing, shows us that the cultivation of the wood strawberry 


TIE. NSE RL SOIT! Ue 





had not produced any remarkable increase in the size of 


the fruits, for he says that ‘the diligence of the gardeners” 
could produce “‘as faire and big beries as the beries of the 
Bramble in the hedge’’. By that time, the wood strawberry 
had been in the gardens for at least three centuries, but, after 
all, the method of cultivation in use was unlikely to cause 
much improvement. That method was to bring in plants 
from the wild, in the hope that cultivation in better soil, 


with some freedom from competition, would give better | 


cropping and rather larger fruits. That doubtless occurred, 
but the method included no systematic selection of specially 
good plants from which ennobled stocks could be raised. 


And, anyway, the European strawberries are not large- | 


fruited. | 
The wood strawberry has a variety, the alpine strawberry, 
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FIG. 3 (/eft) Laxton’s “Royal Sovereign’, generally regarded as the best flavoured strawberry in existence. 
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The famous M.40 and M..48 virus-free clones crop heavily—at about 3 tons per acre. (Photo by R. A. Malby.) 
FIG. 4 (right). “Auchincruive Climax’, bred in Scotland and awarded the R.H.S. Award of Merit in 1948, 
shows high resistance to Red Core root disease. It crops up to 6 tons per acre; an average crop is 4 tons. 


It commonly produces an additional crop in the autumn. 


differing in little except in the important respect that 
it is a late flowerer and fruiter; this tendency is an accentua- 
tion of a tendency noticeable in the ordinary plant, 
especially in a wet summer, but it is marked in the alpine 
strawberry. The plant was known to Tragus (1530) and 
to Gesner (1553), and it was valued on the Continent 
because the late fruiting extended the season during which 
strawberries could be obtained. When it came into cultiva- 
tion we do not know, but it does not appear to have reached 
English gardens until the middle of the 18th century, 
when Philip Miller notes it as a variety said to have 
been brought from Turin. After the middle of the 18th 
century, cultivation became widespread, especially in France, 
where it is still grown. There particularly, the fruits of the 
wild strawberries are esteemed as a very special delicacy; 
they are usually steeped in wine before they are eaten. 

The hautbois strawberry (Fragaria moschata), a native of 
Central Europe, has had some popularity because of the 
musky flavour of the rather large fruits, but it fruits 
sparingly, and forms few runners. The plant is sometimes 
found as an escape from cultivation in this country, where, 
however, it is less hardy than the wood strawberry. It 
came into cultivation here about A.D. 1660, but it never 
became prominent. It, and even more Fragaris viridis, take 
a very back-stage part in the story. 

The fruits of the wood strawberry and of the alpine 
strawberry contain rather less sugar, and rather more acid 


(Courtesy *‘Amateur Gardening.) 


and odour than those of the American hybrids, and they 
have a finer flavour. But their small size, and the labour 
needed to gather sufficient of the fruits for a convenient 
dish have decided the issue; commercially, these fruits 
Cannot compete with those of the garden strawberry. 

In earlier times, the fruits of the wood strawberry seem 
to have been valued for their decorative properties. 
Moreover, as experience had shown that the fruits could be 
eaten in large amounts without causing satiety, the straw- 
berry became a symbol for temptation and lust, perhaps not 
very seriously. The use of the fruit in decoration was well- 
illustrated, though not intentionally, in the Exhibition of 
Flemish Art at the Royal Academy during the winter 
1953-4. Seventy-two beautiful manuscripts were on view, 
and in sixteen of these, the decorated floral borders included 
representations of the fruit of the wood strawberry, some- 
times many, sometimes few. This is a high proportion when 
it is remembered that the feature was not specially selected 
for exhibition, and when it is remembered also that quite 
a number of the manuscripts were not illustrated in a way 
which permitted the use of decorated borders. There is no 
reason to think that in the manuscripts the strawberry was 
introduced in any symbolic manner, for it was not possible 
to trace any connexion between the decoration and the 
text on the page; the artist appeared to have used the bright 
fruits in his scheme, just because they appealed to his 
artistic sense. 
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The valuable Bulletin No. 95 (Strawberries), of the Ministry of 
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Agriculture, now out of print, is in process of being revised. The 
Dept. of Agriculture for Scotland has published two useful docu- 
ments on this crop: Strawberry Cultivation and Strawberry Diseases, 
respectively Leaflet No. 8 and Leaflet No. 9. 

For information about diseases, consult the last few volumes of 
the Annals of Applied Biology and of the Transactions of the British 
Mycological Society. The Red Core root disease is described by 
C. J. Hickman in Journal of Pomology, 1940, Vol. 18, pp. 89-118. 
Advisory Leaflet No. 410 of the Ministry of Agriculture also deals 
with this disease. 








WILLIAM MURDOCK (1754-1839) 


R. V. WELLS 


Two hundred years ago—on August 21 to be precise— 
William Murdock was born at Bello Mill, Auchinleck, Ayr- 
shire. His ancestors were Flemish architects, who, migrat- 
ing to Scotland in medieval times, were responsible for the 
construction of many Scottish abbeys and churches, 
Melrose amongst them. His father, John Murdock, 
combined the trades of miller, millwright and farmer, and 
was a mechanic and inventor of some standing. He had 
been associated with the Carron ironworks at one time, 
and was one of the first to use cast-iron gearwheels in mill 
machinery. 

Even as a boy William Murdock started experimenting 
and inventing. He appears to have constructed some kind 
of mechanical ‘wooden horse’ on which he went to school, 
and to have carried out distillation experiments with coal 
that he found in surface deposits, whilst herding his 
father’s sheep. Of his education and boyhood we know 
little beyond this, but he undoubtedly learnt much about 
the design and construction of machinery from his father, 
and sufficient civil engineering to build a bridge over the 
River Nith near Dumfries, while still in his early twenties. 
South-west Scotland was, however, too poorly developed 
at this time to enable him to exercise his talents to the full. 
and in 1777, at the age of twenty-three, he migrated to 
Birmingham to seek employment at the Soho manufactory. 

This establishment, probably the foremost of its kind in 
the world at that time, was engaged, amongst other activi- 
ties, in assembling Watt steam-engines for pumping out 
mines, and when Murdock arrived Watt was busy in 
Cornwall attending to their installation. This was fortu- 
nate, because the senior partner of the firm, Matthew 
Boulton, did not share Watt’s dislike of Scottish mechanics. 
At first Boulton did not seem to be much impressed by the 
gawky, tongue-tied young man before him, but his atten- 
tion was drawn to the hat that Murdock fiddled with 
nervously. Questioning revealed that it was made of wood, 
and made by Murdock himself “in a bit laithey of my ain 
contrivin’ ”’. 

Convinced that here was a mechanic of no mean ability, 
Boulton found employment for him in the steam-engine 
side of the business. Two years later he was in Cornwall 
as the representative of Boulton and Watt, and became 
their principal installation and maintenance engineer in the 
district, which at that time provided them with half their 
customers. 

However, Boulton was not content with applying steam 
power only to pumping machinery; he had ideas about its 
application as a prime mover for machine tools, spinning 
and weaving. To convert a pumping engine to a ‘rotative’ 
merely required a crank and flywheel, but in 1780 James 
Pickard patented the crank, a device that had been in use 
since the beginning of the 15th century, and which Watt 
had not thought worth while to cover by a patent of his 
own. Murdock’s device of the ‘Sun and Planet’ motion 
successfully sidestepped this difficulty. 

About this time Murdock, perhaps inspired by the 
speculations of Boulton’s friend Erasmus Darwin, began 
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to explore the possibilities of steam traction. He was 
probably quite unaware of Cugnot’s Paris experiments of 
1769, and proceeded on lines of his own. It is uncertain 
how many working models of steam cars Murdock con- 
structed. One, dating from 1786, is in the Birmingham 
City Museum, a copy is at South Kensington. It is impres- 
sive on account of its clean lines and simple construction, 
and in it Murdock uses high-pressure steam, double-action 
and slide valves. He clearly realised that the cumbersome 
condensing engine had no application to transport. It 
would seem that later he had under construction a full-scale 
road locomotive. Whether it was ever completed is un- 
certain, but the possibility must not be ruled out that 
Richard Trevithick’s locomotive of 1801 owed more to 
Murdock’s example than the former cared to admit. The 
Trevithick household was but a stone’s throw from 
Murdock’s house in Redruth, and they were acquainted 
though not friendly. 

Watt, however, forced Murdock to abandon his ex- 
periments, partly because he feared they might interfere 
with his regular duties and partly because he had no desire 
for the litigation that might result from attempts to patent 
locomotives. 

Meanwhile Murdock had turned his attention to the use 
of coal-gas for lighting. The origins of this idea reach back 
to 1667, when Thomas Shirley discovered that heated coal 
gives off an inflammable gas. In 1760 George Dixon had 
tried to manufacture it on a usable scale, but the attempt 
was ruined by an explosion. In 1783 Professor J. P. 
Minkelers of Louvain successfully lighted the lecture hall 
at his university, and the Earl of Dundonald lighted the 
hall of Culross Abbey in 1787. Thus Murdock is not the 
inventor of coal-gas lighting, as is sometimes claimed. His 
interest in the subject, apart from boyhood experiments, 
appears to have been roused by Boulton in 1780. In that 
year the latter spent some considerable time in Cornwall 
on business, and occupied his leisure in seeing what gaseous 
substances he could obtain from plant and mineral sub- 
stances. He even converted a bedroom in Murdock’s house 
into a laboratory. It was not, however, until 1792 that 
Murdock successfully lit a single room in his house with 
gas. He also devised a portable gas lantern, which he used 
in his travels by night to troublesome pumping engines. 

Again Watt’s caution seems to have prevented the taking 
out of patents; perhaps he was aware of previous work in 
this field; Lord Dundonald is said to have obtained a legal 
monopoly for the production of coal-distillation products 
in 1785. Nevertheless, in 1791 Murdock patented an anti- 
fouling composition for ships’ bottoms, the basis of which 
was coal-tar. This patent also covered the use of coal-tar 
products for ‘dyes and paints’, a curious anticipation of 
future developments. bieeclar 

In 1796 the Soho Foundry, a sister works to the original 
manufactory, was opened, and in 1800 Murdock returned 
to Birmingham as its works manager. For the next three 
years he devoted himself to the practical side of steam- 
engine manufacture. When, in the course of the next year 
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MURDOCK’sS LOCOMOTIVE MODEL 


Copy of original model by William 
Murdock, 1784-6. The cylinder is 
0-75 in. diam. by 2:1 in. stroke and the 
model worked quite satisfactorily. The 
Science Museum, London. (Crown 
copyright reserved.) 


or two, both Boulton and Watt retired from an active share 
in the business, he was able to have a voice in the firm’s 
policy. Hence, when in 1801 word came from Gregory 
Watt in Paris that Lebon proposed to light some of the 
streets there with gas, Murdock was spurred to install some 
gas lights at Soho. By 1805 the not inconsiderable difficul- 
ties of large-scale production and storage were solved, and 
the Manchester textile mills of Philips and Lee were lighted 
by gas, the equipment being made at Soho. The laboratory 
handling of gases developed by Priestley and other 18th- 
century chemists was now being applied in large-scale 
plants. Among those who assisted at this installation was 
Samuel Clegg, who had learnt his chemistry from Dalton 
and his engineering from Murdock. In 1813 he became 
the chief engineer to the Chartered Gas Company of 
London. The subject of Gas Lighting forms the only 
technical paper produced by Murdock (Pail. Trans. Roy. 
Soc., 1808), but this earned for him the Royal Saciety’s 
Rumford Gold Medal. After this his interest in the subject 
declined. 

He had not, however, been inactive in advances in 
steam-engine technique. In 1799 he had patented his slide 
valve, ‘‘a brilliant invention’’, Dickinson calls it, and about 
the same time he invented the eccentric. ‘His firm supplied 
Robert Fulton with the engines for the ‘Clermont’ in 1807, 
and seven years later installed the first double-acting two- 
cylinder engine in a ship. 

Perhaps Murdock’s greatest service to industry were the 
improvements he made in workshop organisation, in lifting 
machinery and in machine tools. The originals are no 
longer in existence, with the possible exception of a side 
planer still in use at Soho, now occupied by Messrs. W. & T. 
Avery Ltd. This tool may be of his design. It is almost 
certainly the oldest machine tool in use. 

Always interested, as a good works manager should be, 
in the economical running of the plant in his charge, he 
appears to have been an advocate of the practice of having 
a large number of small prime movers rather than one 
large one. 

It needed, of course, the invention of the electric motor 
to realise this idea. Murdock saw that compressed air 
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used for transmitting power had numerous applications. 
The castings at Soho were raised and lowered between 
boring mill and foundry by a compressed-air lift. The bells 
in his house at Handsworth were rung by the same agency. 
In 1810 he invented the pneumatic tube for the dispatch of 
small packages, a device to be seen in many large shops. 
Probably his desire to obtain efficiency caused him to 
speculate about wasted power at a time when few others 
bothered about it. He saw no reason why the energy 
dissipated by people walking along the pavement of a busy 
street should not be harnessed, if one had a mind to do so, 
and appears also to have toyed with schemes for taming 
tidal power. 

His interests, as we see by his pioneer work with coal-gas, 
lay not only with the purely mechanical. He invented a 
cast-iron cement, compounded of iron filings and ammo- 
nium chloride. He showed that fish skins could be used 
as a substitute for isinglass in brewing. He contrived 
machinery for compressing powdered peat into a material 
that could be moulded and polished to resemble jet. 
Geological studies were a life-long interest. An ardent 
collector of mineralogical and palaeontological specimens, 
his practical knowledge was often placed at the disposal of 
acknowledged experts in this field. 

It is, however, as an engineering pioneer that he is 
remembered. He was one of the first of a new class of 
professional men vital to an industrial civilisation. Inven- 
tive, imaginative, yet practical in affairs of business, always 
on the look-out for waste of power, materials or time, yet 
capable of turning waste to good use. Although of com-. 
paratively humble origin, he rose to the top of his 
profession; he died wealthy and universally respected. 
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MORE ABOUT THE COELACANTHS 


ERROL WHITE 


D.Sc., F.G.S. 


Readers will recall the circumstances of the discovery of 
the second living coelacanth—the so-called Malania—in 
December 1952 (Discovery, April 1953, p. 113), and 
Prof. J. L. B. Smith’s flight to the remote Comoro Islands 
in a military plane specially detailed by the Prime Minister 
of S. Africa in order to save this antediluvian prize for 
scientific study—a dramatic effort that appealed more to 
the world press than to the French authorities, who under- 
standingly enough regarded as somewhat superfluous this 
unwonted attention to a product of one of their own 
colonies, and for which they themselves were not altogether 
unprepared. In spite of all the hubbub in the newspapers 
at the time, so far very little additional information of 
real scientific value has come out of this discovery than 
had already been gained from the original specimen of 
Latimeria: and not a little of the attendant speculation 
has proved to be wide of the mark. Unfortunately this 
second specimen was abnormal in that it had lost two of 
its characteristic fins, the first dorsal and the supplementary 
tail-lobe, probably owing to mutilation when young; but 
although the head was badly injured after capture, the 
internal organs were apparently intact, and it was about 
these organs (which were lost ‘in the first specimen) that 
information was wanted by the scientific world. 

As it is, we have had to wait nearly eighteen months 
before learning substantially more about these intriguing 
‘living fossils’. During this time no less than four more 
specimens have been captured; all have been taken around 
the Comoro Islands, and they have passed into the capable 
hands of Prof. J. Millot of the Natural History Museum 
in Paris, who is director of the Institute of Scientific 
Research in Madagascar; and it is from his pen that we 
have had the calm and factual account published in The 
Times of June 3, 1954. — 

This is, of course, a preliminary account, for as Prof. 
Millot pointed out it will take at least two years of intensive 
research before all the details of the anatomy can be fully 
investigated. 

Prof. Millot, after very properly paying a tribute to the 
work of Prof. Smith, re-emphasises four outstanding points 
about the coelacanths: their very ancient history, going 
back to the Devonian period (i.e. some 300 million years); 
their surprising stability in form in spite of varying 
environment, which marks them as exceptional in the 
animal kingdom; their stabilisation at ‘a particularly 
instructive stage in the history of the higher animals’’; and 
their possession of pedunculate fins (i.e. fins with an 
external muscular base), which represent ‘‘an extremely 
interesting stage in the evolution of limbs—hence their 
popular name of ‘fish with legs’”’. 

Taking the last point first, Prof. Millot reveals the 
remarkable fact that the orientation of these lobate fins, 
which correspond to the fore-limbs and the hind-limbs of 
land-animals, varies by as much as 180°, not only as 
between one specimen and another, but as between the 
two sides of the same fish. This is astonishing, for it means 


that in spite of the obvious asymmetry of these fins what is 
the front edge in one fin acts as the hinder margin in another 
—rather as if we could have one leg with the toes pointing 
forwards and the other with the toes pointing to the 
rear! This amazing flexibility—or instability—of the 
coelacanth paddle, Prof. Millot suggests, may throw 
light on the vexed problem of how the fins of primitive fish 
were able to develop into the limbs of the terrestrial verte- 
brates. The point is this: in the Australian Lung-fishes, 
which are among the nearest living relatives of the coela- 
canths, the lobed fin when held naturally to the body has 
the preaxial (or front) margin upwards, in a position corre- 
sponding to a human arm pressed down against the body, 
as in a soldier standing at attention, but with the palm of 
the hand turned flat outwards by the outward and back- 
ward rotation not only of the thumb, which is just possible 
if you are double-jointed, but of the whole arm. From this 
position, to get the palm flat on the ground, as would be 
needed for walking, the arm would have to move outwards 
and the limb rotate through 180°, the degree of variation 
in position in the coelacanth fin (Fig. 1). However, the 
four-legged beasts are not derived from the coelacanths, 
as Prof. Millot is careful to emphasise, but from a related 
and long extinct group of fish, called the Rhipidistia, and 
the American professor, W. K. Gregory, who has worked 
much on this problem, has shown that these did in fact 
hold their breast-fins in the required position—at least 
they seemed to have died with it that way, with the front 
margin directed downwards. The variation in position of 
the coelacanth fins, therefore, underlines the fact that the 
flexible condition necessary for the development of the 
tetrapod limb did exist in these primitive groups of fishes. 

Prof. Millot further notes that in other ways the coela- 
canths in his possession show much individual variation 
and liability to malformation, and Prof. Smith noticed 
the same tendency in the original specimen of Latimeria. 

The next and most interesting item in Prof. Millot’s 
account is his description of the primitive condition of the 
coelacanth heart. This organ in its simplest, hypothetical 
form is little more than a tube divided into four chambers, 
which receive the vitiated blood from the body and by 
rhythmic contraction from the hindmost forwards pump 
it straight to the gills to be re-oxygenated and then re- 
dispersed through the body tissues. Valves between the 
chambers would prevent back-flow (Fig. 2a). Hitherto, the 
most primitive heart known in a vertebrate animal is that 
of the sharks and the rays and skates, in which the ‘tube’ 
is flexed S-wise in the middle so that the second chamber 
from the rear—the atrium—lies above the third or ventricle 


(which is the chief muscular pump) with the sinus venosus, ° 


or reception chamber behind it (Fig. 25). In higher animals, 
the tendency is for the atrium and sinus to move further 
forwards over the fourth chamber with, of course, compli- 
cations in internal structure, such as the division of the 
atrium into a left and right auricle (Fig. 2c). Apparently 
in the coelacanths the development of the heart is nearer 
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FIG. 1 (above). Suggested stages in the change of posture in the 
limb from that of a lung-fish to that of a four-footed animal. 
(After Romer & Byrne.) 

FIG. 2 (right). Diagrams showing stages in the evolution of the verte- 
brate heart. (After Goodrich.) A, hypothetical primitive condition. B, 
heart of sharks and rays. C, amphibian stage. The coelacanth 
heart comes between A and B. af, atrium. c, bulbus cordis. /a, 
left auricle. sy, sinus venosus. y, ventricle. 
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FIG. 3. Restoration of the skeleton of Coccoderma (Laugia) groen- 
landicum from the Lower Triassic of Greenland, Modified from 
Schaeffer after Stensi6. Original about 6 in. long. 


FIG. 4. The Carp, showing the original position of paired fins. 
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FIG. 5. The Perch, showing the forward displacement 
of the pelvic or hinder paired fins in the higher fishes. 
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the hypothetical, original condition than in the sharks, 
with the S-bend less developed and the atrium “‘for the 
most part at the back of the ventricle’. Theirs then is now 
the most primitive vertebrate heart known. 

The next most important anatomical news concerns the 
air-bladder, a process of the gut corresponding to the 
lungs of higher animals. In many fishes this acts as a hydro- 
static organ; it is filled with gas, the supply of which can 
be regulated to give the fish the required buoyancy at any 
particular depth of water. The air-bladder of the fossil 
coelacanths was one of their most remarkable features, for 
it was ossified, and instead of disappearing by rapid decay 
like the rest of the internal organs it is left as a conspicuous 
object in most well-preserved specimens of these fish. But 
how such an organ functioned and for what purpose— 
whether as a lung, hydrostatic organ or sound-resonator 
—we do not know. It was expected that the dissection of 
a Latimeria would give us the answer. In this we have been 
disappointed, for the organ has almost entirely disappeared 
leaving little more than a vestige, which does however— 
in Prof. Millot’s opinion—suggest that its original function 
was “more of the pulmonary than the hydrostatic type’’. 
This is in accord with the retirement of the coelacanths 
to deep waters, for such apparently is their habitat. 





FIG. 6. Coccoderma suevicum. The reversed fossil showing the large 
pelvic fin of the left side below the small breast-fin. The fish has 
been bitten in the back and the hinder back-fin is missing except 
for its internal support. Original about 1 ft. long. 

(Courtesy, Trustees of Naturat History Museum.) 
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Clearly a fish living in deep waters would have no use for 
such an organ if its use was pulmonary— it would have to 
depend entirely on the more orthodox method of breathing 
found in fishes, by gills. As a matter of fact, even if the 
organ had had a hydrostatic function it might have 
disappeared just the same, for in deep-sea fishes the swim- 
bladder is often absent for some reason, or else converted 
into a fat-storing organ—and there is some suggestion in 
Prof. Millot’s account that this may have happened in 
Latimeria. In this connexion, recently, the interesting 
suggestion has been made that the loss of the air-bladder 
was compensated for by the additional buoyancy given by 
extreme oiliness of the fish. Even if the evidence at present 
were not against the hydrostatic theory, we cannot be sure 
that the living coelacanths are any oilier than their pre- 
decessors that had the organ well developed, for the oil 
would not stay with the fossils but would seep away into 
the porous rocks in which they are found. In any case 
there does not seem to be a clear correlation between 
oiliness and the absence of the swim-bladder in living 
fishes, for the common mackerel (Scomber scomber) has 
no swim-bladder, but it is well developed in the Spanish 
mackerel (S. colias) and the herring—in the latter it some- 
times appears at the breakfast table as a silver streak under 
the backbone. 

Towards the end of his account Prof. Millot again 
emphasises the extraordinary uniformity of the coelacanths 
in spite of changing conditions, which is their chief claim 
to fame. All fossil coelacanths resembled one another in 
external appearance very closely, so far as we may judge 
from their remains, and in this respect only once did they 
venture on an obvious deviation from orthodoxy, and the 
case is an interesting one from several points of view. In 
1935 Prof. Stensio of Stockholm described from the early 
Triassic rocks of Greenland a coelacanth in which the 
pelvic or hinder paired fins, instead of lying in the middle 
of the belly half-way between the breast-fins and the anal, 
as in all other coelacanths and most other primitive fishes, 
were greatly enlarged and lay far forwards in the throat 
region under the reduced breast-fins (Fig. 3). The fish 
was named Laugia. In many fishes the two sets of paired 
fins, corresponding to our arms and legs, act as brakes and 
hydroplanes rather than oars, for the thrust comes from 
the tail, and having them forward close together gives 
them a mechanical advantage in quick stopping, control 
of pitching and especially for quick turning, for in this 
position they form a pivot around which the body can 
revolve without appreciable forward movement when the 
fins on one side move together in the opposite way to 
those on the other, much in the way that an oarsman can 
turn a skiff by pulling on one oar and backing on the 
other. This is a functional development which was repeated 
by the totally unrelated higher bony fishes at the beginning 
of the Tertiary era 100 million years later, and affords a 
most striking case of parallel development (Figs. 4-5). 
This departure from the normal was considered to be just 
a short-lived experiment, for Laugia was only known from 
one horizon in one area. However, nearly a century before 
Laugia was known, the fragmentary remains of a coela- 
canth were figured and described from the much later 
Upper Jurassic rocks of Germany and named Coccoderma. 
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FIG. 7 (above). This fine cast of one of the latest 
coelacanths caught shows well the appearance of 
the Latimeria when alive. It is just 4 ft. long. 
Through the generosity of the Director of the 
Musée National d’Histoire Naturelle in Paris it 
has recently been exhibited at the Natural History 
Museum in London, where it created the greatest 
interest. 
FIG. 8 (right). The third coelacanth showing the 
broad undersurface. The pelvic fins are very well 
displayed. Prof. J. Millot is the centre figure. 
(Courtesy, Professor J. Millot.) 


Little was known about this fish until an almost complete 
specimen came into the possession of the Natural History 
Museum some years ago. Like so many fossils preserved 
in well-stratified rocks, the specimen was split through 
the middle, since fossils form a plane of weakness in the 
stratum along which the rock opens, leaving two similar 
slabs which show the skeleton and the inside of the skin 
(where the other half of this one is I do not know); and 
of course, the paired fins being on the sides will only show 
such part as happens to protrude below the body. This 
specimen showed what appeared to be the tip of the 
breast-fin and no hinder fin. Recently it was decided to 
use one of the new methods of development in order to 
show the outer surface. The specimen was embedded in 
a transparent plastic with the exposed inner surface down- 
wards, and then the calcareous matrix was dissolved away 
in acetic acid, which will not attack bone owing to its 
phosphatic content. The result is shown in Fig. 6. It 
now appears that the supposed breast-fin is a large pelvic 
fin lying far forward below a diminutive true breast-fin, 
just as in Laugia. In fact Coccoderma and Laugia are the 
Same, and instead of being just an evolutionary flash- 
in-the-pan this kind of fish had endured for nearly 
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50 million years without substantial change, showing 
the typical coelacanth characteristic of conservative 
persistence. 

To return to our living fish. There is sti!l much we wish 
to learn about them, for as Prof. Millot expressively 
remarks ‘“‘They are incomparable witnesses of a remotely 
distant era of the living world, stabilized at a particularly 
important stage in the origin of the higher animals.’’ We 
still do not know how they reproduce, whether they lay 
eggs or give birth to live young, for unfortunately ali the 
specimens with their internal organs preserved have proved 
to be males. And we know little about their conditions of 
life, except that they fed on other fishes and lived at a 
great depth; and this last fact and their great robustness 
‘*helps to explain their survival for such a length of time’’. 

Scientists will eagerly look forward to reading the 
results of Prof. Millot’s researches and of those of his 
colleagues, and the layman can look forward to seeing, 
one day, these grotesque anachronisms swimming in an 
aquarium. Certainly more will be caught and it is with 
lively expectation that we anticipate fulfilment of Prof. 
Millot’s generous offer to present one of the next catches 
to the National Collection. 








THE STORM SURGE OF JANUARY 1953 


J. R. ROSSITER 


On the night of January 31, 1953, the North Sea, lashed 
by a violent gale, beat down the sea defences along great 
stretches of the coast from the Humber to the Thames, 
taking a heavy toll of life and property. 

To Thames-side Londoners the violence of the North 
Sea was perhaps not a new threat. Many of them remem- 
ber the flood of 1928, when the Embankment was over- 
topped and the river poured into cellars, drowning many 
who slept there. To the people of Holland and Belgium, 
January 31 was yet another crisis in the never-ending 
struggle with the sea, but to many in Britain, the realisation 
that such havoc could occur without warning came as a 
shock. 

It is no exaggeration to say that as a result of this 
catastrophe, many local authorities around the coasts of 
England and Wales have had to revise their ideas of the 
efficiency of their sea defences. The very magnitude of the 
disaster has led to developments which will give vulnerable 
coastal areas adequate warning in future. Though we can- 
not hope to suppress the forces of nature that cause such 
floods, we can reduce the loss of life and of livestock by 
a warning system, and we can reduce the loss of property 
and of agricultural land by improving our sea defences. 
For those steps to be taken with maximum efficiency and 
minimum expense, research is needed into all aspects of 
‘the phenomenon, and indeed a recommendation by the 
Waverley Committee for such a comprehensive research 
programme has now been presented to Parliament. 

But it would be quite wrong to think that we do not 
already know a great deal about these sudden rises in sea- 
level due to meteorological causes. Holland and Germany, 
for example, have operated national flood warning systems 
for many years, while in this country the Liverpool Obser- 
vatory and Tidal Institute has been working on the problem 
since the 1920s. 

When the Liverpool Tidal Institute was founded in 1919, 
one of its main objects was to improve the accuracy of 
tidal predictions, and a start was made with those for 
Liverpool. It was found that very rarely did the observed 
tide coincide with the predicted tide. Closer examination 
revealed that the discrepancies were not due to any in- 
accuracies in the new methods of predicting the astro- 
nomical tide—i.e. the rise and fall of the sea under the 
gravitational influence of the sun and moon. The discre- 
pancies were due to the weather, and differences of one to 
two feet were quite common. 

It is now known that meteorological conditions affect 
sea-level in two distinct ways. Firstly, the sea acts as an 
inverted barometer, so that when atmospheric pressure 
falls, sea-level rises, and vice versa. Moreover, it is possible 
to get an exact relationship between the change in pressure 
and the corresponding change in sea-level. Very approxi- 
mately, one inch change of pressure results in one foot 
change of sea-level. Thus we can forecast how the tide 
will be affected by any foreseeable variations in barometric 
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pressure. It is obvious, however, that this barometric effect 
alone cannot account for disturbances of the order of five 
to ten feet that have been recorded, so we have to turn to 


Liverpool Observatory and Tidal Institute, Birkenhead 


the second meteorological effect—the wind-generated dis- | 


turbance. 
When wind blows over water, it exerts a tractive force 


on the surface of the water, and the magnitude of the force | 


depends on two main factors—the velocity of the wind, 


and the amount of friction between the air and water | 


surface. The water will thus be pulled along in the direction 


of the wind. In the absence of any other forces, we can see | 
that a westerly gale in the Irish Sea will lower the levels on | 


the Irish coast and raise them on the English and Welsh 


coasts. Similarly, a northerly gale in the North Sea will 


tend to raise levels towards the Straits of Dover. 


Unfortunately, there is another major force to be taken | 
into account, that due to the rotation of the earth. This | 
geostrophic force, as it is called, causes the mean transport | 
of water in open oceans to be 90° to the right of the wind’s | 
direction. In the presence of land barriers, as round the | 
British coasts, the geostrophic force results in the wind- | 


driven water being deflected to the right. A further compli- 
cation is introduced by a time-lag. With the barometric 
effect, for all practical purposes the result is instantaneous; 
but the wind effect takes a certain time to become fully 
operative. Moreover, the change in sea-level so induced is 
not a steady one but one that oscillates. For instance, if 
we imagine a wind of constant strength suddenly to start 
blowing over the North Sea, the water-level anywhere will 
finally attain a new, steady value, but only after a series of 
oscillations. It is known that both the time-lag and the 
amount of oscillation depend on the dimensions of the sea, 
and the importance of this time-lag and oscillation has 
resulted in the name ‘storm surge’ being given to a dis- 
turbance of sea-level due to these combined causes, in 


order to emphasise the dynamical nature of the pheno- | 


menon. 


On the basis of these established principles, the Tidal | 
Institute first concentrated on the study of storm surges in | 


the North Sea—to begin with, on that of January 6, 1928; 
later (at the request of the London County Council and 
other interested authorities) on all surges between the years 


1928 and 1938. The investigation was confined solely to | 


surges at Southend, both positive and negative—that is to 


say, both abnormal lowerings and raisings of sea-level were | 


considered. 


Altogether eighty-five surges were examined, and the 
most important result of this study was the development of | 
a formula for predicting surges at Southend. It was tested © 
against all available data, and gave consistently good | 


agreement. To use the formula, it is necessary to have 
forecasts of the distribution of barometric pressure over 


the whole of the North Sea six hours in advance; and this | 
information is readily available from the Forecasting © 


Division of the Meteorological Office. The weather charts 
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FIGURE 1. 
GRAPHS OF THE 1953 
DISTURBANCE OF 
SEA LEVEL AROUND 
THE EAST COAST OF 

BRITAIN. 


feet 


Dover 


Newhaven 


contain not only the necessary data for calculating the 
barometric effect; the spacing and direction of the isobars 
(lines of equal pressure) also indicate the wind velocity and 
direction necessary for calculating the wind effect. In 
addition, we require the disturbance of sea-level at Dunbar 
on the Scottish coast nine hours in advance. That is, in 
order to allow for a phenomenon peculiar (so far as we 
know) to the North Sea—the external surge. The existence 
of these external surges had been demonstrated during the 
investigation, and as they could, and often did, occur when 
conditions over the North Sea were quiet, it seemed that 
they must be generated outside the North Sea. Though 
their origin has still not been explained satisfactorily, it 
has been proved that they travel down the east coast of 
Scotland and England with little change in amplitude, and 
that they roughly take nine hours to pass from Dunbar to 
Southend. 
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The actual process of using the formula is very simple 
and quick in practice, because to simplify matters the 
oscillatory approach to steady conditions was neglected. 
On the other hand, the method takes into account the 
effect, at Southend, of winds not only near the Thames 
Estuary but over the whole of the North Sea. 

Thus by 1948 a reliable method of forecasting storm 
surges at Southend, six hours ahead, was available. Only 
a sense of urgency and a sufficiently authoritative co- 
ordinating body were lacking to put it into operation. 

Since 1948, to gain more information about the response 
of the North Sea as a whole to strong winds, a new 
approach has been made, and this has been applied to the 
surge of January 31, 1953, with interesting results. We got 
records of the surge ai all available tidal stations in the 
North Sea, both here and on the Continent, and drew lines 
joining together all places with equal disturbances. The 
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FIG. 2. Co-disturbance lines in the North Sea, 1953. This series of maps shows how the waters 
were forced into the southern part of the sea by midnight on January 31, and then gradually 
began to return northwards during the following day. The units of height are tenths of a foot. 


villain of the piece was a deep depression that crossed 
Scotland and then swung down over Denmark, bringing 
exceptionally violent northerly winds with it. The co- 
disturbance lines showed that these winds raised the 
mean level of the North Sea by two feet. In effect, some 
15 billion cubic feet of water were forced into the North 
Sea from the Atlantic. 

This Atlantic water swept down the North Sea across its 
whole width, but due to the geostrophic effect the levels 
were higher on the English coast than on the continental 
coast. By midnight on January 31, the peak of the surge 
had reached the Thames and the Scheldt, and varied from 
eight to ten feet in height. Then slowly, throughout the 
following day, the external water flowed out of the North 
Sea as the winds moderated, but again, due to the geo- 
Strophic force, the movement took place most markedly 
along the coasts of Holland, Germany and Denmark. 
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The co-disturbance lines for the English Channel showed 
that the North Sea cannot be considered as closed at its 
southern end. For the surge was propagated through the 
Straits of Dover to such an extent that at Newhaven a rise 
in level of more than four feet was experienced. Had it not 
been for this safety-valve effect, much higher levels would 
have been reached in Holland and the south-east of 
England. 

Besides arousing national consciousness, this extremely 
large and prolonged surge has suggested lines for future 
research. It is clear that for a complete picture of the 
mechanism of surges in the North Sea, we must not ignore 
the conditions prevailing outside the sea, both in the 
north-east Atlantic and the English Channel. This is a far 
cry fiom early work, when it was thought that disturbances 
at any place could be attributed wholly to local weather 
conditions. 
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feet in height. It is inscribed: ‘November 23, 1824. High | 
tide depth of water twenty-two feet eight inches.” The 
ground-level at the position of the board is probably five © 
or six feet above normal high water spring tides, which | 


And there is another aspect of the problem that requires 
attention. As the surge is purely meteorological in origin, 
its size and time of arrival seem at first sight to be indepen- 
dent of the astronomical tide. So we could argue that there 
is a possibility of the greatest surge anywhere coinciding 
with the greatest possible high water at that place. Now 
the largest recorded disturbance at Southend is a raising of 
level of over eleven feet. As it happened two hours after 
low water it aroused no great interest. But if such a surge 
were to coincide with a spring high water of eighteen feet, 
the final water-level would be five feet higher than in the 
great floods of 1953. Fortunately this grim prospect is 
softened by indications that large surges tend to occur near 
low water. In other words, the state of tide in some way 
does seem to modify a surge. Just how is something we 
still have to discover. 

The general shape of the North Sea, narrowing and 
shallowing as it does to the south, makes it particularly 
susceptible to storm surges, particularly those developing 
from northerly gales. Taken in conjunction with the vul- 
nerable, low-lying coastal areas to the south, it is easy to 
see why most research has been concentrated on surges in 
the Thames Estuary. But there are also vulnerable areas in 
Wales and Lancashire, and there are many instances on 
record of abnormal levels being reached. From old 
records for Liverpool I quote the following: 


1721 (no exact date given): ‘A remarkable high tide. 
The good ship Tabitha from Norway sailed over the Pier 
into the middle of the Old Dock where she was brought 
up by anchor.” 

1833, December 31: “‘The tide rose from the proper 
height of 27-4 feet to 36 feet; the piers and wharves were. 
overflowed, and much damage was done to the public 
works, north and south.” (Here we have a disturbance 
of about eight feet.) 


In more recent years a surge of six feet was experienced 
at Liverpool on October 29, 1927, while in the Bristol 
Channel on March 16, 1947, the predicted low water was 
exceeded by no less than twelve feet. 

At the entrance to the Swannery at Abbotsbury, near 
Portland, there is a notice-board on a pole some twenty 


means a high water on that particular day of twenty-seven 
to twenty-eight feet above average high water spring tides. 
That is a fantastic figure, of course, and one that probably 


included the height of the individual waves. Nevertheless, | 


it must have been an exceedingly high tide. 


Three points remain to be mentioned, for each has | 


received some attention since the east coast floods. 
First of all, excessive rainfall or a sudden thaw following 
heavy snowfalls in the watershed of a tidal river must 


always be kept in mind, as the Lynton and Lynmouth | 


disaster showed. But the possibility of so-called ‘tidal 
waves’ due to submarine earthquakes, while a very real 
danger in some parts of the world, is too remote to be 
seriously considered in our coastal waters. The third point 
concerns the gradual rise that is taking place in mean sea- 
level due to the melting of the polar ice-caps and also in 


places to the sinking of the land surface. It is very difficult | 
to separate these two effects and, so far as we are con- | 
cerned, it is unnecessary. From tidal records taken at | 


Sheerness dockyards we have found that since 1832 mean 


sea-level has risen in relation to the land at an average rate | 


of about half a foot per century. All other things being 
equal, then, higher flood levels can be expected, if the rise 
continues. Coupled with this assumption, a recent investi- 
gation has shown that the probability of the 1953 level 
being reached again in the Thames Estuary is once in a 
hundred and fifty years. 


Much remains to be solved in the complex problem of | 


storm surges, and it is an encouraging sign of the growing 


interest taken in the subject that it is to be one of the main | 


talking-points at an international scientific conference to 
be held in Rome in September. 

During the past winter we have seen a warning system 
improvised for the east coast. Perhaps as a result of the 
Waverley Committee’s recommendations we shall see, in 
the not-too-distant future, the formation of a flood-warning 
service, operating on the results of scientific research and 


providing warning to all the vulnerable stretches of our | 


coastline. 


(The figures are based on two illustrations to Mr. Rossiter’s paper “‘The North Sea Storm Surge of 31 January 
and | February, 1953” in the Phil. Trans. of the Reyal Society, Series A, 1954, Vol. 246, pp. 371-400.) 


RESEARCH AND SURGE PROBLEMS 


The scientific aspects of sea flooding have been considered 
by an oceanographic sub-committee of the Waverley 
committee which was set up to examine the causes of the 
1953 floods and to recommend safety measures calculated 
to minimise the damage that would be done should there 
be a recurrence. This sub-committee’s report is included 
as an appendix to the Report of the Departmental Com- 
mittee on Coastal Flooding (which is known as the 
Waverley committee), published by H.M. Stationery 
Office as Cmd. 9165 at 2s. 6d. 

It is recommended that tidal gauges should be installed 


at a number of coastal sites, as required by the system of | 


flood warning (which is discussed in another appendix to 
the report). Specific research problems that need to be 
studied include the following: analysis of tidal records for 


those stations at which hourly readings are required for the 
warning system; the search for empirical formulae by which | 
surges at Leith, Tyne entrance, Immingham, King’s Lynn, | 


Lowestoft, Harwich and Southend can be predicted as far in 
advance as possible; investigations on the surge oscillations 
which occur at those places with a view to finding their 
relationship to the time and height of the maximum surge. 
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Wild Flowers: Botanising in Britain 


By John Gilmour and Max Walters 
(London, Collins’ New Naturalist series 


No. 5, 1954, 242 pp., 25s.) 


The sub-title of this book—‘Botanising 
in Britain’—gives a clearer indication of 
what this book, the latest volume in the 
New Naturalist series, actually contains. 
The opening chapters set the scene; for 
instance, the history of British botanising 
is well told, starting with the ‘Father 
of British Botany’, William Turner, who 
was a fellow student at Cambridge with 
Hugh Latimer and Nicholas Ridley (who 
later became great clerics, though their 
careers ended with martyrdom in Mary’s 
reign). Turner was a fierce and violent 
Protestant: his writings were banned by 
Henry VIII and his uncompromising 
views got him into trouble afterwards 
with both Mary and Elizabeth. Medicine 
was his profession, and like many other 
16th-century doctors he became a great 
expert on plants, which in those days were 
the main source of drugs. He maintained 
a correspondence with two of the great 
Continental botanists Konrad Gesner 
and Leonhard Fuchs. His first botanical 
work—Libellus de re herbaria novus 
(1538)—was the first book to record 
localities of many native British plants. 
Then followed his useful volume giving 
the equivalents in Greek, Latin, English, 
Dutch and French of the herbs used by 
‘Herbaries and Apotecaries’. His great 
Herball was published in three instalments; 
the first of these appeared in 1551 and the 
last in 1586. This book, which was 
dedicated to Queen Elizabeth, was 
illustrated mostly with pictures from the 
1545 edition of Fuchs’ famous work. 
Vigorous in everything he did, this book 
contains some effective polemical writing, 
as for example the passage exploding 
the mandrake hoax, and his ridicule of 
what Mattioli had said about the Broom- 
rape. (The Italian supposed that it was 
able to kill plants merely by its presence, 
and without actual physical contact!) 

It is interesting to note how much work 
of importance has been done by amateur 
botanists in Britain—men such as George 
Claridge Druce (1850-1932), whose chem- 
ist’s shop in High Street, Oxford, still 
bears his name. He and H. C. Watson 
(1804-81) did great work which was well 
up to anything done by professional 
botanists. The ‘Cavendish’ of British 
botany, Prof. Sir Arthur Tansley, natur- 
ally earns an honourable mention; his 
ecological writings are most important 
(e.g. The British Islands and their Vegeta- 
tion), but he must also be remembered for 
the way he has subsidised out of his own 
pocket key ecological books of other men, 
as for instance the all-important work of 
Raunkiaer on the ‘life forms’ of plants. 

Today there is a division of British field 
botany into two distinct and rather 
widely separated categories; the work of 
our amateurs (e.g. J. E. Lousley) is still very 
important, and then there is the highly 
erudite approach of the professional 
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So far experimental method 
has scarcely impinged upon British field 
botany, but there are tentative genetical 
researches in progress which may alter 
our ideas about plant distribution signifi- 


ecologists. 


cantly. (It is something of an advance, 
for instance, that our latest flora—F/ora 
of the British Isles by Clapham, Tutin 
and Warburg—gives chromosome num- 
bers for many species, but to date 
cytologists have not done much more 
than to count the chromosomes in various 
British plants and catalogue them, the 
study now in progress at Aberystwyth on 
Spartina townsendii—a natural hybrid, 
it is believed, created through the acci- 
dental crossing of a British species of 
cord grass with an introduced species—is 
likely to stimulate a new line of work in 
field botany, which could become highly 
profitable if taxonomy, cytogenetics and 
experimental plant breeding could all be 
brought to bear on specific problems of 
distribution. 

On the whole, this book does a good 
job in introducing the reader to the rich 
variety of investigational work which has 
become possible with the advance of the 
various botanical specialisms. The chap- 
ters on ecological matters are stimulating; 
these deal with the typical plant associa- 
tions of, say, woodlands, chalk downs, 
fens and marshes, the sea coast, etc. The 
critical approach to plant ecology such as 
a keen plant physiologist could bring is 
lacking, however, and there is virtually 
no intrusion of modern cytogenetical 
knowledge into this book. (The latter 
deficiency is made good to some extent 
by another volume in the series, W. B. 
Turrill’s British Plant Life published in 
1948.) 

This is a fairly popular book, and it will 
serve as quite a useful introduction to its 
subject. One valuable item of information 
it contains is a list of books useful to field 
botanists; this list ought to be re-cast 
completely in the next edition of the book 
since the present version is cast in this 
form: Bonnier, 1917 (1952); Carey and 
Fitchew, 1949; Hutchinson, 1946-50—a 
very inconvenient system as then one 
needs to turn to the bibliography to find 
the names of the three works referred to 
above. (Incidentally, it is odd that the 
authors should have chosen Bonnier’s 
Name this Flower rather than his British 
Flora, which is a much better work as 
regards the amount of technical data in it 
and certainly gives greater satisfaction 
in practice.) 

There are some fine black and white 
photographic illustrations. The coloured 
plates (of which there are thirty-two) look 
better by artificial light than by daylight— 
which is precisely the same point as was 
made in the DIScovERY review (February 
1946, p. 64) of one of the two first New 
Naturalist books, London’s Natural His- 
tory, to be published; an indication that 
there has been no great technical advance 
in colour printing since 1946—or is it 
that the artificial lights used by the colour 
block makers still give an off-white colour? 
341 


It certainly looks as though the best 
colour photo-lithography gives more 
natural reproduction of coloured flower 
photographs than does the best block 
printing; photo-lithography is used, for 
example, to give the fine illustrations that 
are the outstanding feature of Curtis's 
Botanical Magazine. 

Finally, there are two extremely useful 
appendices to this book; the first is a key 
for identifying common hedgerow and 
roadside umbellifers; and the second is a 
key that will help those who find difficulty 
in identifying composites with yellow 
‘dandelion-like’ flowers—in other words, 
species of the composite sub-family 
Liguliflorae, which includes such tricky 
genera as Hieracium. 

(The cover picture on this issue of 
Discovery, showing Drosera anglica, is a 
reproduction of one illustration from this 
book.) 


The Sea Angler’s Fishes 


By Michael Kennedy (London, Hutchin- 
son’s Scientific and Technical Publications, 
1954, 524 pp., 50s.) 


This book achieves its objective of provid- 
ing a ready guide by which fishermen can 
identify the species of fish they catch. 
There are thirteen fine colour plates; one 
only wishes that colour printing were 
cheaper, so that all the species dealt with 
in the text could be illustrated in this 
medium. For each fish the author gives: 
(a) the diagnostic features; (4) details of 
habitat; (c) the fish’s food; (d) its habits. 
Besides all this information, there is an 
abundance of line drawings and half-tone 
illustrations. The volume is well worth 
the money for any keen sea angler. 


Men who shaped the Future 


By Egon Larsen (London, Phoenix House, 
1954, 223 pp., 12s. 6d.) 


First of all, one would like to congratulate 
the publisher for producing this well illus- 
trated book—thereare forty-four plates and 
ten line illustrations—at such a reasonable 
price. Only a few publishers seem to have 
the knack of ‘maximising’ the sale of a 
book by keeping down the price. So many 
so-called popular science books achieve a 
sale of only 1500-2000, a miserable figure 
which contradicts the blurbs which describe 
them as belonging to the ‘popular science’ 
genre; such sales make one recall that one 
of Darwin’s lesser books—Formation of 
Vegetable Mould through the Action of 
Worms (1881)—sold to the tune of 8500 
copies in about a couple of years, and no 
one would ever have thought that the sales 
of modern British ‘popular science’ books 
could be four or five times smaller than a 
book about earthworms which was never 
designed for popular consumption! 
Phoenix House, Bell’s and Macmillan’s 
certainly know how to give value for 
money in this special field of book publish- 
ing, and as a result the English editions of 
individual volumes by authors such as 





Egon Larsen can comfortably top the 
10,000 copies, which is of the right order 
of size and justifies the effort which it takes 
to write a worthwhile book of this particu- 
lar genre. (Just occasionally a publisher 
achieves a sale of 50,000 with one of these 
books, but this is quite exceptional: it is 
usually the result of radio publicity, and 
happens, for example, when a good series 
of radio talks is published in book form.) 

This book of Larsen’s repeats the success 
of the author’s first well-known work, 
Inventors’ Cavalcade. The inventors dealt 
with in Men who shaped the Future include 
the following: Eli Whitney, Samuel Morse, 
Henry Bessemer, Charles Goodyear, Elias 
Howe, Lord Kelvin, Christopher Latham 
Sholes (the typewriter inventor), Alfred 
Nobel; Fleming, Chain and Florey (“Three 
Men and a Spore’ is the chapter heading 
here!); Igor Sikorsky and Harry Ferguson. 
In another chapter the author covers the 
invention of the submarine, gas lighting, 
the saxophone, the linotype, the diesel 
engine and 3-D films. 

The book, which is designed to appeal to 
young people, it would make an ex- 
cellent birthday present, especially if 
Father can finish reading it before he has 
to hand it over! 


A History of the Theories of Aether and 
Electricity: The Modern Theories (1900- 


By Sir Edmund Whittaker (London, 
Thomas Nelson & Sons, 1953, 319 pp., 
32s. 6d.) 


Sir Edmund Whittaker, formerly professor 
of mathematics at Edinburgh, has spent 
his retirement bringing up to date his 
original 1910 book on the history of 
aether and electricity. In the process it 
has expanded considerably, so that when 





The Atomic Energy Authority Takes Over 


Eight of the nine members of Britain’s 
Atomic Energy Authority, which takes 
over the control of atomic energy develop- 
ments on August I, in accordance with the 
provisions of the Atomic Energy Act, 
1954, have been appointed. 

They are Sir Edwin Plowden (chairman), 
Sir John Cockcroft, F.R.S., Sir Christo- 
pher Hinton, Sir William Penney, F.R.S., 
Sir Donald Perrott, Lord Cherwell, F.R.S. 
Sir Luke Fawcett, and Mr. I. A. R. 
Stedeford. One additional member will 
be appointed soon. 

The last three named serve on a part- 
time basis. The chairman receives a salary 
of £8500 a year, and the remaining mem- 
bers, other than the part-time members, 
£5000 a year. Sir John Cockcroft, Sir 
Christopher Hinton, and Sir William 
Penney receive an additional payment of 
£1000 a year in their capacity as execu- 
tives of the authority. The part-time 
members receive £500 a year, except for 
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the first volume (The Classical Theories) 
was published it was anticipated that there 
would be one more volume, but when this 
came to be written Sir Edmund saw that 
a third would be necessary. This present 
volume is therefore the second of a trilogy, 
and it brings the history up to 1926. 

The whole work will be an essential 
reference for every college library. 

The period of this volume is the most 
important of modern physics, when new 
revolutionary ideas—the Rutherford-Bohr 
atom, relativity, the quantum theory, wave 
mechanics—upset many well-accepted 
beliefs that seemed established for ever— 
the notion of the aether, for instance, and 
wave motion in that aether. It was the 
period when the mathematical physicist 
really came into his own. 

Readers who have not studied mathe- 
matical physics will no doubt be surprised 
to find Chapter II entitled: The Relativity 
Theory of Poincaré and Lorentz, for to 
most people there is only one name 
associated with the theory of relativity, 
and that name is Einstein. Yet Poincaré 
first suggested the constancy of the speed 
of light and actually put forward in 1900 
the mass-energy relationship developed 
by Einstein in 1905. 

One may well envy our octogenarian 
author, able to write clearly and concisely 
and get into historical perspective such a 
complexity of mathematical development. 
It ought not to be forgotten that he took 
part in this development himself. 

This is not a popular book; mathematics 
pretty well to degree standard is necessary 
for its understanding. Anyone who has 
such equipment and who reads carefully 
will learn just what happened in the first 
quarter of this century to excite and dis- 
turb the established physicists of an older 
school. 

C. L. BOLTZ. 


FAR AND NEAR 


Lord Cherwell, who, at his own request, 
receives no payment. 

The three department heads—Sir John 
Cockcroft, Sir Christopher Hinton and 
Sir William Penney—are respectively for 
the following activities of the new 
authority: research; industrial develop- 
ment and production; and atomic weapons 
research. 

Sir Luke Fawcett is the general secre- 
tary of the Amalgamated Union of Build- 
ing Trade Workers. Sir Donald Perrott 
is the secretary of the Department of 
Atomic Energy, and Mr. Stedeford is the 
chairman and managing director of Tube 
Investments, Ltd. 


Ornithologists in Conference 

The use of fluoroscopy to discover the 
proportion of wildfowl which carry lead 
pellets from shot-guns in their bodies has 
been extended from America to Europe, 
states a report by Prof. William H. Elder 
with the University of Missouri to the 


342 


LETTER TO THE EDITOR 
SOVIET PUBLICATIONS 





Sir: 

As a result of Captain Maxwell’s visit 
to Moscow last January, a project is now 
under way for the translation of Soviet 
scientific, technical and medical books 
into English. 

Most of the books selected are recent 
works by leading authorities in the 
various branches of science, technology 
and medicine in the U.S.S.R., but they 
also include a number of important 
standard works not available in English. 

The list of titles* to be published will 
include new contributions in chemistry 
covering recent Soviet research on 
isotopes, and original data on magnesium- 
organic compounds by S. T. Ioffe and 
A. N. Nesmeyanov, the President of the 
U.S.S.R. Academy of Sciences; medical 
works on the application of Pavlovian 
theories in neurology by its two leading 
exponents, K. M. Bykov and A. G 
Ivanov-Smolensky; new works on mathe- 
matical physics and an_ outstanding 
contribution on statistical physics (classical 
and quantum) by L. Landau and E 
Lifschits; a valuable mathematical work, 
The Principles of the Theory of Numbers, 
by Academician I. M. Vinogradov, For. 
Mem. R.S., containing some entirely new 
material. 

The publishers would welcome sugges- 
tions from your readers concerning any 
additional books which they consider 
valuable and worthwhile for translation, 
and would also examine any manuscript- 
translations already completed by your 
readers, with a view to publication. 

B. I. CAPLAN, Publishing Director, 
Lange, Maxwell & Springer Ltd. 


* This list can be obtained on application 
to the Publishing Director of the firm. 





International Wildfowl Research Institute. 
This report was presented to the recent 
International Conference on Bird Preser- 
vation held at Scanfs, Switzerland. A 
portable unit was brought over last 
autumn and this was tried on geese caught 
on the Severn Wildfowl Trust’s rocket- 
propelled nets in Britain, and on ducks 
caught at decoys in Holland. The unit 
consisted of a small X-ray machine, a 
lead-lined box to protect the operator 
from radiation and to support a fluores- 
cent screen, and a black-out tent. This 
equipment shows at once whether a live 
or dead bird contains any lead pellets. 
In this connexion it is important to 
record the age and sex of all birds exam- 
ined; the older a bird is, the greater is the 
chance that it may have been shot at. 

The results of examining pink-footed 
geese were that approximately 40% of 
825 adults proved to be carrying shot, 
but only 4% of 391 juveniles. In the 
grey-lag goose the corresponding figures 
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were 37° of 161 adults and 3% of 
99 juveniles. In Dutch mallard, 18% of 
150 drakes, 24% of 67 ducks and 10% 
of 573 juveniles had pellets in them. The 
frequency of the occurrence of shot in the 
two species of geese is very similar to that 
found in the Canada goose in the central 
United States, and Prof. Elder suggests 
that the ‘cumulative shooting pressure’, to 
use a rather cumbersome technical term, 
exerted on the pink-footed goose in 
Iceland (where it breeds) and Britain is 
nearly equal to that which applies in 
N. America. The ‘shooting pressure’ on 
the Dutch mallards, however, is evidently 
less than on the same species in the Mis- 
sissippi flyway, where some 25-29% of 
male mallards carry pellets. 

The Bird Preservation Conference was 
followed by the eleventh International 
Ornithological Conference at Basle, where 
over 130 scientific communications were 
read. These included several by Russian 
ornithologists who were attending their 
first international ornithological gather- 
ing since World War II. The Russian 
papers were mainly ecological or faunistic 
surveys of various regions of the U.S.S.R., 
but A. Ivanov gave a survey of ornitholo- 
gical work carried out in the U.S.S.R. 
since the war. 

Possibly the mdst notable contribution 
by a British ornithologist was that of 
Dr. W. H. Thorpe, of Cambridge, on the 
use Of the sound spectrograph to study 
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bird song. Hitherto the fallibility of the 
human ear has prevented quantitative 
work on this aspect of bird behaviour, 
but the sound spectrograph automatically 
provides an analysis which gives the 
frequency, amplitude and duration of 
the song or call-note of any bird. Dr. 
Thorpe has been working on chaffinches, 
and has been able to show that wild 
chaffinches usually have two slightly 
different songs, which are learned by 
listening to other chaffinches during the 
first year of life, after which chaffinches 
which have been kept out of earshot of 
other chaffinches are never able to acquire 
the full song. 


Night Sky in August 

The Moon.—Full moon occurs on August 
14d 1th 03m, U.T., and new moon on 
August 28d 10h 21m. The following con- 
junctions with the moon take place: 


August 
2d 18h Venus in con- 
junction with 
the moon Venus 6° N. 
6d 03h Saturn » Saturn 8° .N, 
10d 08h Mars ,» Mars ar 
25d Olh Jupiter ,, Jupiter 1° N 


In addition to these conjunctions with 
the moon, Mercury is in conjunction with 
Pollux on August 3d 23h, Mercury 7° S. 
and also in conjunction with Uranus on 
August 4d 12h, being 0°6 S. of Uranus. 


On August 31 Venus is in conjunction 
with Spica and is 0°1 N. of the star. 

The Planets.—Mercury is a morning 
Star rising at 2h 50m and 4h on August 
1 and 15, respectively, but at the end of 
the month, after passing through superior 
conjunction on August 21, it rises after 
the sun and sets about 20 minutes after 
sunset when it will be invisible. Venus is 
an evening star, setting at 21h 10m, 20h 
35m, and 19h 50m on August 1, 15 and 31, 
respectively. Its stellar magnitude varies 
from —36 to —3-9 and the visible 
portion of its illuminated disk from 0-655 
to 0:523. Mars sets just after midnight 
on August | and at 23h 25m and 22h 
45m on August 15 and 31, respectively. 
It lies rather low in the latitudes of the 
British Isles for good observation but its 
easterly movement in the constellation 
Sagittarius which brings it a little S.W. of 
A Sagittarii towards the end of the month 
is easily detected. Jupiter, a morning star, 
rises at 2h 25m, Ih 45m, and Ih on August 
1, 15 and 31, respectively. Its close 
approach to the moon in the early morn- 
ing hours on August 25 has been noticed 
under conjunctions. Its movement during 
the month from W. to E. of § Geminorum 
is easily detected. Saturn, an evening star, 
sets at 22h 35m, 21h 40m, and 20h 40m 
on August 1, 15 and 31, respectively. At 
the beginning of the month it is very close 
to x Virginis from which it has a slow 
easterly movement. 
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NEW METHODS DISCOVERED 
BETTER RESULTS ACHIEVED... 


with this EXPERIMENTAL and 
PRE-PRODUCTION Vacuum 
Coating Unit / | 





Production and research workers interested 
in the deposition of metallic films for 
scientific, functional and decorative pur- 
poses, or wish to try out new production 
ideas on a small scale, solve coating prob- 
lems under production conditions, will 
welcome this miniature high vacuum coat- 
ing unit. It is also ideal for preparing shadow 
cast specimens for microscopists; 
ference films for interferometry research; 
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During his visit to England in June, King Gustav of Sweden visited the National 
Physical Laboratory at Teddington, where he saw a wax boat-model being pre- 


pared prior to test in the ship tank. King Gustav, 


who has strong scientific in- 


terests, particularly in archacology, is a Fellow of the Linnean Society of London. 


During the month of August the meteors 
known asthe Perseids are active and 
usually attain their maximum about 
August 10-12 but there will be fairly 
bright moonlight about that time which 
will make it difficult to observe the meteors; 
however, they can be seen—though 
rather sparsely—during the greater part 
of the month. The name ‘St. Lawrence’s 
tears’ was given to this shower because it 
was most active near the time of the 
martyrdom of St. Lawrence (August 10, 
A.D. 258), and there was the legend that 
the heavens were responding to the 
tragedy of the martyrdom on August 10 
each year. 


The Black Market in Myxomatosed Rabbits 


In the June 1954 issue of DISCOVERY we 
asked what was the current ‘black market’ 
price paid by British farmers for live 
myxomatosed rabbits. We have received 
information on this question from a large 
number of people, and it seems that the 
minimum current price is a guinea. 
According to several informants, some 
farmers are prepared to offer as much as 
£20 per diseased rabbit. 


Rare Botanical Books and Journals 


The latest botanical catalogue of W. Heffer 
& Sons Ltd. (the booksellers of Petty 
Cury, Cambridge) includes a copy of 
Gerarde’s Herball as enlarged by Thomas 
Johnson and published in 1633. The price 
is £35. A 1636 edition is available for £30. 
The most expensive item in the catalogue 
is a set of Curtis’s Botanical Magazine 
from its commencement in 1787 to 1940, 


in 162 volumes and priced at £600. A set 
of The Botanical Cabinet, which consists 
of ‘coloured delineations of plants from 
all countries’ by C. Loddiges and is 
perhaps the scarcest of all botanical 
journals, is offered at £130. 

Readers interested in this catalogue 
should write to Heffer’s, mentioning 
DISCOVERY by name. This firm produces 
several scientific catalogues. 


Rolls and Royce 

Fifty years ago was founded the firm of 
Royce Ltd. This was the virtual beginning 
of an industrial enterprise which was to 
add a new synonym for perfection to the 
English language. 

Royce, the son of a miller, was born in 
the village of Alwalton near Peter- 
borough. In London, he first earned 
money by selling newspapers and then by 
delivering telegrams. An aunt paid for 
him to become an apprentice to the Great 
Northern Railway at Peterborough. After 
he was qualified he found a job with a 
Leeds firm of tool makers. His next post 
was with the Electric Light & Power Co. 
in London. With £50 capital, he and 
A. E. Claremont (later to become chair- 
man of Rolls-Royce Ltd.) founded—in 
1884—the firm of F. H. Royce & Co. 
which produced various simple electrical 
items, including an electric bell set which 
sold at Is. 6d. Soon they were marketing 
a small dynamo which was superior to 
anything similar on the market, and 
proved a financial ‘winner’. 

The additional capitai which became 
available with the formation of Royce Ltd. 
enabled Royce and Claremont to market a 
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larger range of dynamos, and to manu- 
facture electric cranes. 

In the slump that followed the Boer 
War, Royce diverted his attention to 
automobiles. His first car, which was 
fitted with a two-cylinder vertical water- 
cooled engine, achieved about 10 h.p. 
Two of these cars were used at the Rolls- 
Royce works for many years; in the words 
of Geoffrey Smith (in his booklet entitled 
Frederick Henry Royce: An Outline of his 
Engineering Achievement), ‘(These cars) 
never wore out, but were just discarded as 
having no particular utility some twenty 
years later. It would be no surprise to 
learn that they are still running in some 
other capacity.” 

The Hon. C. S. Rolls, who was selling 
cars (most Continental makes) in London, 
was much impressed by Royce’s auto- 
mobiles, and eventually joined forces with 
Royce. In the early days of Rolls-Royce 
they made cars with two-, three-, four-, 
six- and eight-cylinder engines. 

Later they were to concentrate entirely 
on six-cylinder cars. The fame of this 
type of automobile was won with the 
‘Silver Ghost’, which did 15,000 miles in 
an R.A.C. trial “‘with only one stop of a 
minute due to the petrol tap being shaken 
into the ‘off’ position on a rough highland 
trac 

In the First World War, the firm made 
aero-engines, including the ‘Eagle’ which 
gave the same horse-power at different 
altitudes. (This was before supercharging 
was introduced.) This engine gave about 
one horse-power per pound. The Vickers 
Vimy bomber in which Alcock and Brown 
crossed the Atlantic non-stop in 1919 
was fitted with two 375 h.p. ‘Eagle’ 
engines, and covered 1890 miles in 15 hours 
57 minutes. 

The Vickers Supermarine seaplane 
which won outright the Schneider Trophy 
in 1934 was powered by a Royce engine 
(the ‘Buzzard’). The Merlin, which was 
fitted into the Spitfires and Hurricanes 
which won the Battle of Britain in 1940, 
was produced by the team which Royce 
left behind him—Royce died on April 22, 
1933. Among those men were E. W. Hives, 
A. J. Rowledge, A. G. Elliott, R. W. 
Harvey Bailey, A. Wormald and H. Swift. 


Brown Rot Diseases of Fruit Trees 


Everyone who grows fruit is familiar with 
the damage that Brown Rot can cause on 
apples, pears and plums. Because no 
effective spray treatment can yet be 
recommended for the control of these 
diseases, it is often not realised that a 
great deal of research has been done on 
them both in this country and abroad. 

In the Ministry of Agriculture’s new 
Technical Bulletin No. 3, Brown Rot 
Diseases of Fruit Trees (H.M. Stationery 
Office, 5s.), Dr. H. Wormald provides an 
up-to-date survey of all the published 
information about them. The bulletin is 
written primarily for plant pathologists 
and technical specialists, but there are 
several chapters on the more practical 
aspects, including descriptions of the 
symptoms on the various plants attacked 
and recommendations for control. 
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